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S (54) Title: MONO-DIAMETER WELLBORE CASING 




(57) Abstract: A mono-diameter wellbore casing. The 
mono-diameter wellbore casing is formed by plastically 
deforming and radially expanding a first tubular member 
within a wellbore. A second tubular member is then 
plastically deformed and radially expanded in overlapping 
relation to the first tubular member. The second tubutar 
member and the overlapping portion of the first tubular 
member are then radially expanded again. 
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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application is related to flte following co-pending applications: (1) U.S. patent 
application seria, no. 09/454,139, attorney *** - 25791.03.02, filed or , 12«/1999, (2) 
U S patent application serialno. 09/510,913, attorney doeketno. 25791.7.02, filed on 
, 2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
" L91 802filedon2/ 1 0/2000,(4)U.S.pa te ntappficatio„serial n o.09/440,338,artorney 

docket no 25791.9.02, filed on 11/15/1999, (5) U.S. patent application senal no. 
09/523 460,attomeydocketno.25791.11.02,filedon3/10/2000,(6)U.S.patent 

2/24/2000, (8) U.S. paten, application serial no. 09/588.946, attorney docket no. 
25791 17 02 filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney 
docket no 25791.23.02, filed on 406/2000, (10) PCT patent application senal no. 
PCT/US00/18635, attorney docket no. 25791.25.02, fded on7/9/2000, (11) U.S. 

11/1/1999 (.2) U.S. provisional patent appficauon serial no. 60/154,047, attorney docket 
no 25791 29 filed on 9/16/1999, (13) U.S. provisional patent application senal no. 
60H59 082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patentapplica«ionserialno.60/159,039,attomeydocketno.2579 1 .36,filedon 

no 25791 37 filed on 10/12/1999, (16) U.S. provisional patent application senal no. 

a t , „„ 38 filed on 6/19/2000, (17) U.S. provisional patent 

60/212,359, attorney docket no. 25791 .35, men 

U S provisionalpatent application serial no. 60/221,443, attorney docket no. 25791.45, 
25 filed on 7/28/2000, (19) U.S. provisiona. patent application serial no. 60/221,645, attorney 
docket no 25791 46, filed on 7/28/2000, (20) U.S. provisional patent application senal no. 
60/233 638, attorney docket no. 25791.47, filed on 9/18/2000, and (21) U.S. provisional 
patent application serial no. 60/237,334, filed on October 2, 2000. Applicants incorporate 
by reference the disclosures of these applications. 

Background of the Invention 
30 TtisinventionrelatesgeneranytoweUborecasings.andinparticulartoweUbore 

casings that are formed using expandable tubing. 
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The borehole is drills ■ • * i formanon into the borehole. 

= g time is involved due to required cement pumping cement h,rH ■ 

weH.audtne^evoiumeotcu^drUiedanaremor me0ffc 
The present invention is dirrrto* +~ ~, 

20 Summary of the Invention 

deformmgandradiallvexpandin ea r , 

diameter, and means for pto,^ * * Stp0rt1011 ° f tabular member to a first outside 

support member havine a secnnH fl„;^ ' *""*' lv " ^ i luuuiai 

30 comcaJsurfaceoftheexnan " """^ Sl —*^ the outer 

conical sleeve and^owerport! > "m" " nmiIar expansion «»» launcher coupled to the 
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According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tubular member is provided that includes plastically 
deforming and radially expanding a portion of the tubular member to a first outside 
diameter, and plastically deforming and radially expanding another portion of the tubular 
5 member to a second outside diameter. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes plastically 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another portion of the first 
10 tubular member to a second outside diameter, positioning the second tubular member 
inside the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 
1 5 tubular members after the plastic deformations and radial expansions are substantially 
equal. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
plastically deforming and radially expanding a first portion of the first tubular member to a 
20 first outside diameter, means for plastically deforming and radially expanding another 

portion of the first tubular member to a second outside diameter, means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the first 
portion of the first tubular member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and 
25 means for plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for forming a 
wellbore casing within a wellbore is provided that includes means for supporting a tubular 
30 member within the wellbore, means for plastically deforming and radially expanding a first 
portion of the tubular member to a first outside diameter, and means for plastically 
deforming and radially expanding a second portion of the tubular member to a second 
outside diameter. 
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. According to another aspect of the present invention, an apparatus for forming a 
wellbore casing within a wellbore is provided that includes a tubular support member 
mcludmg a first fluid passage, an expansion cone coupled to the tubular support member 
having a second flnid passage fluidicly coupled to the firs, fluid passage and an onter 
5 corneal surface, a removable annular conical sleeve coupled to the outer conical surface of 
the expansion cone, an annular expansion cone launcher coupled to the conical sleeve and 
a lower portion of the tubular member, and a shoe having a valveable passage coupled to 
an end of the expansion cone launcher. 

According to another aspect of the present invention, a method of forming a 
10 ^-casmgwithmawellboreisprovidedthatincludessupportmgatub^^ 

wrttan a wellbore, plastically deforming and radially expanding a portion of the tubular 
member to a first outside diameter, and plastically deforming and radially expanding 
another portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, a method of forming a mono- 
1 5 dtameter wellbore casing within a wellbore is provided that includes supporting a first 
tubular member within the weUbore, plastically deforming and radially expanding a first 
pomon of the first tubular member to a first outside diameter, plastically deforming and 
radmlly expanding another portion of the first tubular member to a second outside 
dtameter, positioning the second tubular member inside the first tubular member in 
20 overlapping relation to the &st portion of the first tubular member, plastically deforming 
and radtally expanding the second tubular member to a third outside diameter and 
plastically deforming and radially expanding the second tubular member to a fourth 
outside diameter. The inside diameters of the first and second tubular members after the 
plashc deformations and radial expansions ate substantially equal. 
25 According to another aspect of the present invention, an apparatus for coupling a 

first tubular member to a second tubular member is provided that includes means for 
P^^, u „„ lmmB ^ . xpsaams a ^ pomon M me ^ memoei w a 

first outstde diameter, means for plastically deforming and radially expanding another 
portton of the first tubular member to a second outside diameter, means for positioning the 

30 ^mbmarmemberinsidemefirsttobularmembermoverlappingtelationtothefirs. 
portton of the first tubnlar member, means for plastically deforming and radially 
expanding the second tubular member to a third outside diameter, and 
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means for plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for plastically 
5 deforming and radially expanding a tubular member is provided that includes means for 
providing a lipped portion in a portion of the tubular member, and means for plastically 
deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes a tubular 
1 0 support member including a first fluid passage, an expansion cone coupled to the tubular 
support member having a second fluid passage fluidicly coupled to the first fluid passage 
and an outer conical surface, an annular expansion cone launcher including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
15 expansion cone, a third annular portion coupled to the second annular portion havinga 
first outside diameter, and a fourth annular portion coupled to the third annular portion 
having a second outside diameter, wherein the second outside diameter is less than the first 
outside diameter, and a shoe having a valveable passage coupled to fourth annular portion 
of the expansion cone launcher. 
20 According to another aspect of the present invention, a method of plastically 

defonnmgandradiaUyexpan^ 

lipped portion in a portion of the tubular member, and plastically deforming and radxally 
expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a first 

25 tubular member to a second tubular member is provided that includes providing a lipped 
portion in a portion of the first tubular member, plastically deforming and radially 
expanding another portion of the first tubular member, positioning the second tubular 
member inside the first tubular member in overlapping relation to the Upped portion of the 
first tubular member, and plastically deforming and radially expanding the second tubular 

30 member. The inside diameters of the first and second tubular members after the plastic 
deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling a 
first tubular member to a second tubular member is provided that includes means for 
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«ex P a n a ing thesecondtubul arm e Dlbe , T*e inside dieters of the first and 
--ndtubuiarmembe.afteraepla.tie defections and radia, expansions are 
substantially equal. 

A ~«oanothe,aspectof^^ 

10 membe '^^^^^^^^ 

^^^piasdcaUydefotrningandtadiaUyexpa.din ganothe r portion of the tubu^r 
member to a second outside diameter. me tubular 

A ^t°-meraspectofthep„^ 

^^.--^^onooneWhermelnding.^^^ 

2 a rur P0rt ; OnCOUPMt0,lleSeC0OdanDUlar ^^^outsidediataeter 
dTle h ^^^ POrti0aCOUP,edt0thethird — ^^vingasecondoutside 
^-;*-»*, .second outside diameter is .ess than the fc t outside diameter, and a 
^ Va,Veab,e — portion ofthe expansion cone 

A -^'°anomeraspectofthep^en,inven ti on,amethodoffonninga 

7 '"7~T ' " ""^ **" m * 1 ~ ruu " or me mDluar me "^, ana 
plasbeaUydeformmg and radiafiy expanding another portion of the tubuiar member 

*buW member TO thin the w e Ub 0re ,p ro v i din g aHppedpor n onin a po I nonofL &st 
tubuiarmember.positioningtheseoondmbufarmemberinsidethe^ntbu.armemb^L 
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overlapping relation to the lipped portion of the first tubular member, and plastically 
deformmgandramallyexpandingthesecondtubularmember. The inside diameters of 
the first and second . tub-alar members after the plastic deformations and radial expansions 

are substantially equal. 

According to another aspect of the present invention, an apparatus for forming a 
mono-diameter wellbore casing within a wellbore is provided that includes means for 
providing a lipped in the first tubular member, means for plastically deforming and 
radially expanding another portion of the first tubular member, means for positioning the 
second tubular member inside the first tubular member in overlapping relation to the 
lipped portion of the first tubular member, and means for plastically deforming and 
radially expanding the second tubular member. The inside diameters of the first and 
second tubular members after the plastic deformations and radial expansions are 
substantially equal. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes means for 
plastically deforming and radially expanding a first end of the tubular member, and means 
for plastically deforming and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes a tabular 
support member including a first passage, an expansion cone coupled to the tabular 
support having a second passage fluidicly coupled to the first passage and an outer conical 
surface, an annular expansion cone launcher movably coupled to outer conical surface of 
the expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion cone 
25 launcher having a valveable fluid passage, and another annular expansion cone movably 
coupled to the tubular support member. The annular expansion cones are positioned in 
opposite orientations. 

According to another aspect of the present invention, a method of plastically 
deforming and radially expanding a tabular member is provided that includes plastically 
3 0 deforrning and radially expanding a first end of the tubular member, and plastically 
deforming and radially expanding a second end of the tabular member. 

According to another aspect of the present invention, a method of coupling a first 
tubular member to a second tubular member is provided that includes positioning the 
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plas .caliy defonmng and tadially expanding the end of the second nMa, n,e mber L 
the retnatntng ^ of ^ ^ ^ «P«»tag 
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— oone.a.e^^^^^^^^ j£ 
ITT 011 expansions 

radaallyexpandangasecondendofthetubularmeMber ' 
wellborecastng within a weUboreia provided that includes nW! i, ^ , 
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deforming and radially expanding the end of the seeond tubular member that overlaps with 
the first tubular member, and plastically deforming and radially expanding the remammg 
portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for forming a 
5 wellbore casing within a wellbore is provided that includes means for plastically 

deforming and radially expanding a first tubular member within the wellbore, means for 
positioning the second tubular member inside the first tubular member in an overlapping 
relationship, means for plastically deforming and radially expanding the end of the second 
tubular member that overlaps with the first tubular member, and means for plastically 
1 0 deforming and radially expanding the remaining portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for bridging an 
axial gap between opposing pairs of wellbore casing within a wellbore is provided that 
includes means for supporting a tubular member in overlapping relation to the opposing 
ends of the wellbore casings, means for plastically deforming and radially expanding the 

1 5 tubular member, and 

means for plastically deforming and radially expanding the tubular member and the 

opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of bridging an axial 

gap between opposing pairs of wellbore casing within a wellbore is provided that includes 
20 supporting a tubular member in overlapping relation to the opposing ends of the wellbore 

casings, plastically defonning and radially expanding the tubular member, and plastically 

deforming and radially expanding the tubular member and the opposing ends of the 

wellbore casings. 

According to another aspect of the present invention, a method of forming a 
25 structure having desired strength characteristics is provided that includes providing a first 
tubular member, and plastically deforming and radially expanding additional tubular 
■ members onto the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 

According to another aspect of the present invention, a method of forrning a 
30 wellbore casing within a wellbore having desired strength characteristics is provided that 
• includes plastically deforming and radially expanding a first tubular member within the 
wellbore, and plastically deforming and radially expanding additional tubular members 
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onto the interior surface of the firs, tebular member until the desireti strength 
characteristics are achieved. 

According to another aspect of the present invention, a method of coupling a first 
^^^^^^^^^ 'J 

^^^^expandmgafirstportionofthefirsttuhu.armemberteaL 

nTthT ^ bCT r^ ndouteidetaeter - positio ^^-° ndtaM -^ 

-^^t-bularmemberinoveriappmg.lationtomefh.tportionoftitefirs, 

^-mber toafourih outside diameter. Le inside diameters of the firs, and second 
^^^thep^ c deformation S and ra dia I e ! ^ ic)nsares ^ tMy 

15 -^waJltmckness^ofthefirsttuhularmemberisgreatermanorequaltolS 

A ™8 to anomeraspectofmepresentmvention,amemodofformingamono- 
!Z r-^^^^^-^afirsttuhnlarmembJ 

expandmg another portion of me firs, mbu,ar member to a second outside diameter 
P^tiomngthe .second mbular member inside the firs, tubu^ member in overlapping 

is greater than or equal to 1 6. 

30 includ ^^r 0 ^^ 0 ^^^^- 8 ^^^^ 
^P^cafiy deformed andmdiaUye^^^ ^ 
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diameter. The ratio of the original outside diameter OD 0 of tne first tubular member to tne 
original wall thickness to of the first tubular member is greater than or equal to 1 6. 

According to another aspect of the present invention, an apparatus is provided that 
includes a plastically deformed and radially expanded first tabular member having a first 
5 portion having a first outside diameter and a remaining portion having a second outside 
diameter, and a plastically deformed and radially expanded second tubular member 
coupled to the first portion of the first tubular member. The ratio of the original outside 
diameter OD 0 of the first tubular member to the original wall thickness t, of the first 
tubular member is greater than or equal to 16. 
1 0 According to another aspect of the present invention, a wellbore casing formed in a 

wellbore is provided that includes a plastically deformed and radially expanded first 
tubular member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically deformed and radially 
expanded second tubular member coupled to the first portion of the first tubular member. 
1 5 The ratio of the original outside diameter OD 0 of the first tubular member to the original 
wall thickness % of the first tubular member is greater than or equal to 1 6. 

According to another aspect of the present invention, an apparatus is provided that 
includes a plastically deformed and radially expanded tubular member. The ratio of the 
original outside diameter OD 0 of the tubular member to the original wall thickness % of the 
20 tubular member is greater than or equal to 1 6 . 

Brief Description of the Drawings 
Fig. la is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. lb is a cross-sectional illustration of the placement of an embodiment of an 
25 apparatus for radially expanding a tubular member into the wellbore of Fig. 1 a. 

Fig. lc is a cross-sectional illustration of the injection of fluidic materials through 
the apparatus of Fig. lb. 

Fig. Id is a cross-sectional illustration of the injection of hardenable fluidic sealing 
materials through the apparatus of Fig. lc. 
30 Fig. le is a cross-sectional illustration of the pressurization of the region below the 

expansion cone of the apparatus of Fig. Id. 

Fig. If is a cross-sectional illustration of the continued pressurization of the region 
below the expansion cone of the apparatus of Fig. le. 
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Fig. lg is a cross-sectional illustration of the continued pressurization of the region 
below the expansion cone of the apparatus of Fig. If following the removal of the over- 
expansion sleeve. 

Fig. Ih is a cross-sectional illustration of the completion of the radial expansion of 
the expandable tubular member of the apparatus of Fig. lg. 

Fig. li is a cross-sectional illustration of the drilling out of a new section of the 
wellbore below the apparatus of Fig. lh. 

Fig. lj is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the apparatus of Fig. li. 

Fig. Ik is a cross-sectional illustration of the secondary radial expansion of the 
other expandable tubular member of the apparatus of Fig. 11. 

Fig. 11 is a cross-sectional illustration of the completion of the secondary radial 
expansion of the other expandable tubular member of Fig. Ik to form a mono-diameter 
wellbore casing. 

Fig. 2a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 2b is a cross-sectional illustration of the placement of an embodiment of an 
apparatus for radially expanding a tubular member into the wellbore of Fig. 2a. 

Fig. 2c is a cross-sectional illustration of the injection of fluidic materials through 
the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of the injection of hardenable fluidic sealing 
materials through the apparatus of Fig. 2c. 

Fig. 2e is a cross-sectional illustration of the pressurization of the region below the 
expansion cone of the apparatus of Fig. 2d. 

Fig. 2f is a cross-sectional illustration of the continued pressurization of the region 
below the expansion cone of the apparatus of Fig. 2e. 



x ulic uumpicuuu ui luc ittutai expansion oi 
the expandable tubular member of the apparatus of Fig. 2f. 

Fig. 2h is a cross-sectional illustration of the drilling out of a new section of the 
30 wellbore below the apparatus of Fig. 2g. 

Fig. 2i is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overlaps with the apparatus of Fig. 2h. 
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Fig. 2j is a cross-sectional illustration of the secondary radial expansion of the 
other expandable tabular member of the apparatus of Fig. 2i. 

Fig 2k is a cross-sectional illustration of the completion of the secondary radral 
expansionofthe other expandable tabular member of Fig. 2j to form a mono-diameter 

5 wellbore casing. 

Fig. 3 is a cross-sectional illustration of the apparatus of Fig. 2b tllustiaung the 

design and construction of the over-expansion insert. 

Fig. 3a is a cross-sectional illustration of an alternative embodiment of the over- 
expansion insert of Fig. 3. 

Fig 4 is a cross-sectional illusion of an alternative embodiment of me apparatus 
of Fig 2b including a resilient hook for retrieving the over-expansion tnsert. 

Fig. 5a is a cross-sectional illustration of a wellbore including a preexisung 

wellbore casing. . 

Fig. 5b is a cross-sectional illustration of the formation of a new section of 

15 wellbore casing in the wellbore of Fig. 5a 

Fig. 5c is a fragmentary cross-sectional illustration ofthe placement of an 

Matable bladder into the new section ofthe wellbore casing of Fig. 5b. 

Fig. 5d is a fragmentary cross-sectional illustration of me inflation ofthe tnflatable 

bladder of Fig. 5c. . 
20 Fig. 5e is a cross-sectional illustiation ofthe new section of wellbore casmg of F* 

5d after over-expansion. t 

Fig. 5f is a cross-sectional iflnstiation ofthe new section of wellbore casmg of Ftg. 

5e after drilling out a new section ofthe wellbore. 

Fig 5g is a cross-sectional illustration ofthe formation of a mono-dtameter 
25 weUborecasmgmatmc.udesmenewsectionofmeweliborecasingandanadditional 

section of wellbore casing. 

Fig. 6a is a cross-sectional illustration of a wellborn including a preextsting 

wellbore casing. 

Fig. 6b is a cross-sectional illustration ofthe formation of a new section of 

30 wellbore casing in the wellbore of Fig. 6a. 

Fig ocisafragmentarycross-sectionaliUustiationoftheplacementofamUer 

radial expansion device into the new section ofthe wellbore easing of Fig. 6b. 



- 13 - 



WO 02/053867 

PCT/US02/00093 

Fig ' 6diSacross - cti ^">-tra ti onof fll enews e ctionofwelIboreca S in g ofF i g 
6c after over-expansion. * w * 

Fi «- &isa ^-^onalmns a anonofthenew S eononofweUbo re oa S ing 0 fFig 
6d after drilling out a new section of the wellbore. 

5 Fig. 6f is a cross-sectional illustration of the formation of a mono-diameter 

wellbore casing that mchldes ^ new ^ rf ^ ^ ^ ^ 

section of wellbore casing. 

Fig. ^-aorosssectionalillustrarionofaweUboremcludingapre^sting 
wellbore casing. 

'0 Fig. 7b is a cross-sectional illustration of the p,acemen, of an embodiment of an 

apparatus for radially expanding a tubular member into the wellborn of Fig 7a 

Ftg. 7c is a cross-sectional illustration of the injection of fluidic materials through 
the apparatus of Fig. 7b. 

. Fig h 7diSaCr °--ti-almu 
b materials through the apparatus of Fig. 7c. 

Fig. 7e is a cross-sectional illustration of the prcssurization of the region below the 
expansion cone of the apparatus of Fig. 7d. 

Fig. ^-across-sectionalmustrationofmecontinuedpressurizationoftheregion 
below the expansion cone of the apparatus of Fig. 7e. 

' Hg^gisacross-sectionaliUustratio nof me completion of me radial expansion of 

theexpandablembularmemberofmeapparatusofFig. 7f. 

F^-^-sectionalmu^tionofthedrillmgoutofanewsactionofme 
wellbore below the apparatus of Fig. 7 g . 

F * 7ii ----ctioi^iU usfr ^ 
another expandable ^bular member to form a mono-diameter weHbore casing 
-r ...::•!! " " CT ° SS ; SeCti0naI aiUStrati ° n ° fm weUb - -eluding a preexisting section 

Fig. 8b is a cross-sectional illustration of the p,accment of an apparatus for radially 
expanding a tubular member within the wellbore of Fig. 8a 

Fig. ^isacross-sectionalmustmtionofthemjectionofflmmcmaterialsthrongh 
the apparatus of Fig. 8b. 

Fig. 8d is a cross-sectional illustration of the injection of a hardenable fluidic 
sealing material through the apparatus of Fig. 8c. 
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Fig 8e is cross-sectional illustration ofthe isolation of the region below the 
expansion cone arrd within tie expansion cone launcher ofthe apparatus of Fig. 8i 

Fig Sf is a cross-sectional illustration ofthe plastic deformation and radral 
expansion ofthe upper portion ofthe expandable nrbular member of the apparatus of Fig. 



Se. 



Fig. 8g is a cross-sectional illustration of the removal ofthe upper expansion cone 

from the wellbore of fig. 8f. 

Fig 8h is a cross-sectional illustration ofthe continued pressurization ofthe regton 
below the expansion cone of the apparatus of Fig. 8 g to thereby plastically deform and 
10 radially expand the expansion cone launcher and expandable tubular member. 

Fig. 8i is a cross-sectional illustration ofthe completion ofthe initial radial 
expansion process ofthe apparatus of Fig. 8h. 

Fig. 8j is a cross-sectional illustration of die further radial expansion ofthe 
apparatus of Fig. 8i in order to form a mono-diameter wellbore casing. 
! 5 Fig. 9a is a cross-sectional illustration of a wellbore including upper and lower 

preexisting wellbore casings that are separated by an axial gap. 

Fig. 9b is a cross-sectional ulustration of the coupling of a tubular member to the 
opposing ends ofthe wellbore casings of Fig. 9a. 

Fig. 9c is a fragmentary cross-sectional illustration ofthe placement of a radial 
20 expansion device into the tubular member of Fig. 9b. 

Fig. 9d is a fragmentary cross-sectional illustration ofthe actuation ofthe radxal 
expansion device of Fig. 9c. 

Fig. 9e is a cross-sectional of a mono-diameter wellbore casing generated by the 
actuation ofthe radial expansion device of Fig. 9d. 
25 Fig 10 is a cross-sectional illustration of a mono-diameter wellbore casing that 

includes aplurality of layers of radiaUy expanded mbular members along at least a portion 

of the its length. e 

Fig. 11a is a cross-sectional iUustration of a wellbore including a casing formed by 
plastically deforming and radially expanding a first tubular member. 
30 Fig 1 lb is a cross-sectional illustration of a wellbore including another casmg 

coupled to the preexistmg casmg by plasticaUy deformmg and m^ 
tubular member. 
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Fig. "cisaoross-sectioMliUu^onofamoao^eterw^boreoasing 
formed by radially expanding the second tubular member a second time. 
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Detailed Description 
Several embodiments of methods and apparatus for forming a mono-diameter 
wellbore casing are disclosed. In several alternative embodiments, the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, pipelines, or 
5 structural supports. Furthermore, while the present illustrative embodiments are described 
with reference to the formation of mono-diameter wellbore casings, the teachings of the 
present disclosure have general application to the formation or repair of wellbore casings, 
pipelines, and structural supports. 

Referring initially to Fig. la, a wellbore 10 includes a preexisting wellbore casing 
10 15. The wellbore 10 may be oriented in any orientation from the vertical to the horizontal. 
The preexisting wellbore casing 1 5 may be coupled to the upper portion of the wellbore 1 0 
using any number of conventional methods. In a preferred embodiment, the wellbore 
casing 15 is coupled to the upper portion of the wellbore 10 using one or more of the 
methods and apparatus disclosed in one or more of the following: (1) U.S. patent 
15 application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney 
docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 
20 09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent 

application'serial no. 09/512,895, attorney docket no. 25791 .12.02, filed on 2/24/2000, (7) 
U.S. patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney 
25 docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/US00/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (11) U.S. 
provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed on 
11/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney docket 
no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 
30 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent application serial no. 60/159,039, attorney docket no. 25791.36, filed on 
10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
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25 



30 



_, attorney docket no. 25791 .38, filed on 6/1 9/2000, (17) U S 

provtsional patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed c, 

1 1/12/1999, (1 8) U.S. provisional patent application serial no. attorocy 

docket no. 25791 .45, filed on 7/28*000, (19) U.S. provision, patent application serial no 

_, attorney docket no. 25791 .46, fijed on 7/28/2000, and (20) U S 

Provisional paten, application serial no. , attomey docto nQ ^ ^ 

filed on 9/1 8/2000, the disc.osures of which are incorporated herein hy reference. Mori 
generally, the preexisting weUbore casing 1 5 may be coupled to another preexisting 

^-^gand/orrnayinclndeoneorrnoreconcentiicallypositionedtubular 
10 members. 

Referring to Fig. ,b, an apparatus 1 00 for radially expanding a tabular member 
taaytaen be positioned witain the wellborn 10. Theapparatus 100 includes a tubular 
support member 1 05 defining a passage 1 1 0 for conveying fluidic material, An 
expansion cone 1 15 defining a passage 120 and having an outer conical surface ,25 for 
radrally expanding tabular members is coupled to an end of the tabular support member 
105^ Art annular conical over^xpausion sleeve 130 mates with and is removably coupled 
to the outer conical surface 125 of the expansion cone 115. In several alternative 
embodunents, the over-expansion sleeve ,30 is fabricated from frangible materials such 
as, for example, ceramic materials, in order to facilitate the removal of the over-expansion 
sleeve during operation of the apparatus 100. In this manner, the amount of radial 
expansion provided by the apparatas may be decreased following the removal of the over- 
expansion sleeve 130. 

An expansion cone launcher 135 is movably coupled to and supported by tire 
expansion cone 1,5 and the over-expansion sleeve , 30. The expansion eone launcher 135 
mclude an upper portionhaving an upper outer diameter, an intermediate portion mat 
mates with th< expansion cone 1 1 5 and the over-expansion sleeve 130, ana.ower portion 
7""** " *—~«™ »«. "-ameer is greater man me upper outer 

drameter. A shoe 140 defining a valveable passage 145 is coupled to the lower portion of 
the expansion cone launcher 135. In a preferred embodiment, the valveable passage 145 
may be controllably Cosed in order ta fluidicly isolate a region ,50 beiowthe expansion 
cone 1 ,5 and bounded by the lower portion of me expansion cone ,anncher 135 and the 
shoe 140 from the region outside of the apparatus 100. 
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An expandable tubular member 155 is coupled to the upper portion of the 
expansion cone launcher 135. One or more sealing members 160a and 1 60b are coupled 
to the exterior of the upper portion of the expandable tubular member 155. In several 
alternative embodiments, the sealing members 160a and 160b may include elastomeric 
5 elements and/or metallic elements and/or composite elements. In several alternative 

embodiments, one or more anchoring elements may substituted for, or used in addition to, 
the sealing members 160a and 160b. 

In a preferred embodiment, the support member 105, the expansion cone 1 15, the 
expansion cone launcher 135, the shoe 140, and the expandable tubular member 155 are 
1 0 provided substantially as disclosed in one or more of the following: (1) U.S. patent 

application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) 
U.S. patent application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney 
1 5 docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent application serial no. 
09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent 
application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patent application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
20 25791 .17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney 
docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USOO/18635, attorney docket no. 25791 .25.02, filed on 7/9/2000, (1 1) U.S. 
provisional patent application serial no. 60/162,671, attorney docket no. 25791 .27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney docket 
25 no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 
60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
patent application serial no. 60/159,039, attorney docket no. 25791.36, filed on 
10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney docket 
no. 25791 .37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

30 , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. __ , attorney 

docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
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, attorney docket no. 2S791.46, filed on 7/28/2000, and (201 U S 

provisional patent Ration serial no. , attorney docket no. 2579, 47 

a fi AS ;" UStatediaFig - ^•-^-^e.bodirnent.dnringplaeernentof'the 

above the apparatus ,00. In this manner, surge pressures during p,acement of the 
appara.uslOOwifinntheweUbor.lOar.reduoed. In a preferred embodiment the 
"^-^Poaifioned^^^^^^^ 
^^l^overzaps^^pree^^^.^^^ 

andenupledtothep^sungcasinglS. As will be recognized by persons having 

fimCa ° n0fthe ~°^— .fi.eamount of axia, shrinkage 

As grated in Fig . 1c, a finidic materia! 170 may men be injected through the 
o~Z^"^ 110 - 12 °^ 145 ---- — otat i on 

20 ■• t A SU! ™™ Fig - ld,a ^ eMbIefl ^ CS ^rna.eria,175 m a yttl enbe 
20 — lOOthroughfirepassages „0. ,20and 145 into the annulus 

b*weentheap« and Ae wellborn, 0. m this banner, an annular barter to fluid 

25 Tr tenal — inseveralaltemafive 
n.bodunents.tbeinjectionoffi.ehardenab.eflujdicsealingn,^ 

AsUlustratedinHg. le, a non-hardenable flnidic material 180maythenbe 

^ted-temeapparatusurrongirmepassagesnoandno. A ball plug 185, or other 

30 srmnarde™ ■ -y men beinjected with thefluidic material ,80 to therebyse^orfth 

7" 5 - fato — •-^-^X^P-suri.edbymecnnLuedinion 
of the fluidic material 180 into the apparatus 100. 
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As illustrated in Fig. If, the continued injection of the fluidic material 180 into the 
apparatus 100 causes the expansion cone launcher 135 and expandable tubular member 
155 to be plastically deformed and radially expanded off of the over-expansion sleeve 130. 
In this manner, the expansion cone 1 1 5 and over-expansion sleeve 130 are displaced 
5 relative to the expansion cone launcher 135 and expandable tubular member 1 55 in the 
axial direction. 

After a predetermined time period and/or after a predetermined axial displacement ^ 
of the expansion cone 115 relative to the expansion cone launcher 135 and expandable 
tubular member 155, the over-expansion sleeve 130 may be removed from the outer 

10 conical surface 125 of the expansion cone 115 by the application of a predetermined 

upward shock load to the support member 105. In a preferred embodiment, the shock load 
causes the frangible over-expansion sleeve 130 to fracture into small pieces that are then 
forced off of the outer conical surface 125 of the expansion cone 1 15 by the continued 
pressurization of the region 150. In a preferred embodiment, the pieces of the over- 

15 expansion sleeve 130 are pulverized into grains of material by the continued pressurization 
of the region 150. 

Referring to Fig. lg, following the removal of the frangible over-expansion sleeve 
130, the continued pressurization of the region 150 causes the expandable tubular member 
155 to be plastically deformed and radially expanded and extruded off of the outer conical 
20 surface 125 of the expansion cone 115. Note that the amount of radial expansion provided 
by the outer conical surface 125 of expansion cone 115 is less than the amount of radial 
expansion provided by the combination of the over-expansion sleeve 130 and the 
expansion cone 1 15. In this manner, as illustrated in Fig. lb. a recess 1 85 is formed in the 
radially expanded tubular member 155. 
25 After completing the plastic deformation and radial expansion of the tubular 

member 155, the hardenable fluidic sealing material is allowed to cure to thereby form an 
annular body 190 that provides a barrier to fluid flow into or out of the wellbore 10. 

Referring to Fig. li, the shoe 140 may then removed by drilling out the shoe using 
a conventional drilling device. A new section of the wellbore 10 may also be drilled out in 
30 order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 155. 

Referring to Fig. lj, a tubular member 200 may then be plastically deformed and 
radially expanded using any number of conventional methods of radially expanding a 
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tubular member. b aprefeired embodimentj ^ upperportion tf ^ ^ d 
tubular member 200 overlaps wift and mates tvift fte recessed portion 1 S 5 of tbe tubular 
member 155. In apreferred embodiment, one or more sealing members 205 are coupled «o 
the exterior surface of the upperportion of the tubular member 200. In aprefetred 
embodiment, tbe sealing members 205 seal tbe interface between the upper portion of ft. 
tubularmember 200 and the recessed portion ,85 of the tabular member 155. In several 
alternative embodiments, the sealing members 205 may include elastomeric elements 
and/or metallic elements and/or composite elements. In Severn, alternative embodiments 

0 - Mm --ohonnge.emen te may S ubsnbnedfor,orusedinaddition«o,theseahn g ' 
members205. In aprefen^ embodiment, an annular body 210 of ahardenable fluidic 
sealmg material is also fotmed aronnd fte tubular- member 200 using one or more 
conventional methods. 

toa P re ^embodiment,ftetubularmember200isplasticaUydefonnedand 
radtany expanded, and fte annular body 2 1 0 is formed using one or more of fte apparatus 
and methods disclosed in the following: (1) U.S. paten, application serial no. 09/454 139 

09/5 0,9.3 .attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application 
sena. no. 09/502,350, attotneydocke.no. 25791.8.02, filed on 2/1 0/2000, (4) US paten, 
apphcation serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 ,715/1999, (5) 

TJT" aPPMCa,i0n 09/523,46 °- d ° Cke * °°- 1-02. fled on 

3/10/2000, (6) U.S. patent appfication serial no. 09/512,895, attorney docket no 

25791.12.02, filed on 2/24/2000 /TiII<! ■■ • 

z ' z * zuw '( 7 ) U.S. paten, application serial no. 09/51 1,941, attorney 

docke, no. 25791,6.02, filed on 2/24/2000, (8) U.S. paten, apphcation serial no. 
09/588,946, attorney docke, no. 2579. , 7.02, filed on 6/7/2000, (9) U.S. paten, apphcation 
25 ^no.09/559,22,atio m eydockc,no.2S79 I .23.02,filedon4/2672000 (,0)PCT 
TlTtTZ^ ^ PCT/USO0/I8635 . uocketno. 25791.25.02, filed on 



no. 25791.27, filed on H/l/,999, (12) U.S. provisional paten, appfication serialno 
60/154,047, attorney docke«no. 25791.29, filed on 9/16/.999, (13) U.S. provisional paten, 
30 ^l-tionseria,no.60/ 1 59,082,attezneydocke,no.25791.34,filedonl0/12/,999 (14) 
US. provisional paten, apphcation aerial no. 60/159,039, attorney docketno. 25791 36 
fiIedonl0/,2/1999, ( ,S)U.S.pro v isi ona l patentapplicationserialno 60/159()33 ' ' 
attorney docke. no. 25791 .37, filed on ,0/127,999, (.6) U.S. pmvisional paten", application 
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serial no. , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 

11/12/1999, (18) U.S. provisional patent application serial no. , attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

5 , attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791 .47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 210 may be omitted. In several 
alternative embodiments, the annular body 210 may be radially compressed before, during 
1 0 and/or after curing. 

Referring to Fig. Ik, an expansion cone 215 may then be driven in a downward 
direction by fluid pressure and/or by a support member 220 to plastically deform and 
radially expand the tubular member 200 such that the interior diameter of the tubular 
members 155 and 200 are substantially equal. In this manner, as illustrated in Fig. 11, a 
1 5 mono-diameter wellbore casing may be formed. In a preferred embodiment, during the 
displacement of the expansion cone 2 1 5 in the downward direction, fluidic materials 
displaced by the expansion cone are conveyed out of the wellbore by an internal passage 
220a defined within the support member 220. 

Referring to Figs. 2a and 2b, in an alternative embodiment, an apparatus 300 for 
20 radially expanding a tubular member may then be positioned within the wellbore 1 0. The 
apparatus 300 includes a tubular support member 305 defining a passage 3 10 for 
conveying fluidic materials. An expansion cone 315 denning a passage 320 and having an 
outer conical surface 325 for radially expanding tubular members is coupled to an end of 
the tubular support member 305. An annular conical over-expansion insert 330 mates with 
25 and is removably coupled to the outer conical surface 325 of the expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 3 1 5 and the over-expansion insert 330. The expansion cone launcher 335 
includes an upper portion having an upper outer diameter, an intermediate portion that 
mates with the expansion cone 315 and the over-expansion insert 330, an a lower portion 
30 having a lower outer diameter. The lower outer diameter is greater than the upper outer 
diameter. A shoe 340 defining a valveable passage 345 is coupled to the lower portion of 
the expansion cone launcher 335. In a preferred embodiment, the valveable passage 345 
may be controllably closed in order to fluidicly isolate a region 350 below the expansion 
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cone 315 and bounded by the lower portion of the expansion oone launcher 335 and the 
shoe 340 from the region outside of the apparatus 300. 

In a preferred embodiment, as illustrated in Fig. 3, the over-expansion insert 330 
mcludes aplurality of spacod-apart arcuate inserts 330a, 330b, 330c and 330d that are 
5 postponed between the outer conical surface 325 of the expansion cone 3 15 and the inner 
surface of the intermediate portion of the expansion cone launcher 335. In this manner 
the relattve axial displacement of me expansion cone 315 and the expansion cone launcher 
335 will cause the expansion cone to over-expand the intennediate portion of the 
expansion cone launcher. In mis manner, a recess may be formed in tine radially expanded 
10 expansion cone launcher 335. In several alternative embodiments, the inserts 330a, 330b 
330c, and 330d fall out of the recess and/or are removed from the recess using a 
conventional retrieval tool upon the completion of the radial expansion process. 

In an alternative embodiment, as illustrated in Fig. 3a, the over expansion insert 
330 further mcludes intermediate resilient members 331a, 331b, 331c, and 331d for 
15 resiliently coupling the inserts 330a, 330b, 330c, and 330d. Inthismanner uponthe 
completion of the radial expansion process, the resilient force exerted by the resilient 
members 331 causes the over-expansion insert to collapse in the radial direction and 
thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
20 expansion cone launcher 335. One or more sealing members 360a and 360b are coupled 
to the exterior of the upper portion of the expandable tubular member 355. In several 
alternative embodiments, toe sealing members 360a and 360b may include elastomeric 
elements and/or metallic elements and/or composite elements, m several alternative 
embodiments, one or more anchoring elements may substituted for, or nsed in addition to, 
25 the sealing members 360a and 360b. 

^ aprefen " ed t embodiment ' * e support member 305, the expansion cone 315, the 

provided substantially as disclosed in one or more of fte foUowmg: ^ U 7^** ^ 
application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999 (2) 
30 U.S. patent application serial no. 09/510,913, attorney docket no. 25791.7.02 filed on' 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney 
docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no 
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09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent 
application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) 
U.S. patent application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
5 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney 
docket no. 25791 .23.02, filed on 4/26/2000, (10) PCT patent application serial no. 
PCT/USO0/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) U.S. 
provisional patent application serial no. 60/162,671, attorney docket no. 25791 .27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/1 54,047, attorney docket 
LO no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent application serial no. 
60/159,082, attorney docket no. 25791 .34, filed on 10/12/1999, (14) U.S. provisional 
patent application serial no. 60/159,039, attorney docket no. 25791.36, filed on 
10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney docket 
no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

15 , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 

11/12/1999, (18) U.S. provisional patent application serial no. , attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

20 provisional patent application serial no. , attorney docket no. 25791 .47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 
apparatus 300 within the wellbore 10, fluidic materials 365 within the wellbore 10 are 
conveyed through the apparatus 300 through the passages 310, 320 and 345 to a location 
25 above the apparatus 300. In this manner, surge pressures during placement of the 
apparatus 300 within the wellbore 10 are reduced. In a preferred embodiment, the 
apparatus 300 is initially positioned within the wellbore 10 such that the top portion of the 
tubular member 355 overlaps with the preexisting casing 15. In this manner, the upper 
portion of me expandable tubular member 355 may be radially expanded into contact with 
30 and coupled to the preexisting casing 15. As will be recognized by persons having 

ordinary skill in the art, the precise initial position of the expandable tubular member 355 
will vary as a function of the amount of radial expansion, the amount of axial shrinkage 
during radial expansion, and the material properties of the expandable tubular member. 
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As illustrated in Fig. 2c, a fluidic material 370 may then be injected through the 
apparatus 300 through the passages 3 1 0, 320, and 345 in order to test the proper operation 
of these passages. 

As illustrated in Fig. 2d, a hardenable fluidic sealing material 375 may then be 
mjected tough the apparatus 300 through the passages 3 1 0, 320 and 345 into the annulus 
between the apparatus and the wellbore 1 0. In this manner, an annnlar barrier to fluid 
migration into and on, of the wellbore 1 0 may be formed around the radially expanded 
expansion cone la«ncher335 and expandable tiibular member 355. The hardenable fluidic 
^S-terialmayindnde.forexample.acamentmixnne. In several alternative 
embodiments, the injection of the hardenab,e fluidic sealing materia, 3 75 may be omitted 
In several alternative embodiments, the hardenable flnidic sealing material 375 is 
compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 2e, a non-hardenable fluidic material 380 may then be 
» J ~tedim„meapparahrsth ro u g hthepassages310and320. A ball plug 385, or other 
stmriar device, may then be injected with the fluidic material 380 to thereby sea, off the 

of the fluidic material 380 into the apparatus 300. 

As illustrated in Fig. 2f, the continued injection of the fluidic material 380 into the 
apparatus 300 causes the expansion cone launcher 335 to be plastically deformed and 
20 radrallyexpandedoffoftheover.xpansionmsertSJO. In mis manner, the expansion cone 
3 1 5 ,s displaced mlative to the expansion cone launcher 335 and expandable tubular 
member 355 in the axial direction. 

^^^^-^^Kogressedteyondaeover^xpansioninsert 
330, the mdial expansion of the expansion cone ,auncher 335 and expandable tubular 
member 355 is provided solely by the outer conica, surface 325 of the expansion cone 3,5 
Note that the amount of radial expansion provided by the outer conical surface 325 of 
w-i^.^ „ . j „ ^ ^ mwnmt oi Kuiiu cxpansKm pmvlaea Dy me 
combination of tine over-expansion insert 330 and tine expansion cone 3 1 5. In this manner 
as illustrated in Fig. 2g, a recess 390 is formed in tire radially expanded tnbular member ' 



30 355. 



In several alterative embodiments, the over-expansion insert 330 is removed ftom 
the recess 390 by Ming out ffid/or ^ ^ . ^ ^ ^ & ^ 

ahemative embodiment, theresilient force provided by the resilient members 33,a, 331b . 
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331c, and 331d cause the insert 330 to collapse in the radial direction and thereby fall out 
of the recess 390. In an alternative embodiment, as illustrated in Fig. 4, one or more 
resilient hooks 395a and 395b are coupled to the bottom of the expansion cone 315 for 
retrieving the over-expansion insert 330 during or after the completion of the radial 
5 expansion process. 

After completing the plastic deformation and radial expansion of the tubular 
member 355, the hardenable fluidic sealing material is allowed to cure to thereby form an 
annular body 400 that provides a barrier to fluid flow into or out of the wellbore 10. 

Referring to Fig. 2h, the shoe 340 may then removed by drilling out the shoe using 
10 a conventional drilling device. A new section of the wellbore 10 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 355. 

Referring to Fig. 2i, a tubular member 405 may then be plastically deformed and 
radially expanded using any number of conventional methods of radially expanding a 
1 5 tubular member. In a preferred embodiment, the upper portion of the radially expanded 
tubular member 405 overlaps with and mates with the recessed portion 390 of the tubular 
member 355. In a preferred embodiment, one or more sealing members 410 are coupled to 
the exterior surface of the upper portion of the tubular member 405. In a preferred 
embodiment, the sealing members 410 seal the interface between the upper portion of the 
20 tubular member 405 and the recessed portion 390 of the tubular member 355. In several 
alternative embodiments, the sealing members 410 may include elastomeric elements 
and/or metallic elements and/or composite elements. In several alternative embodiments, 
one or more anchoring elements may substituted for, or used in addition to, the sealing 
members410. In a preferred embodiment, an annular body 415 of a hardenable fluidic 
25 sealing material is also formed around the tubular member 405 using one or more 
conventional methods. 

In a preferred embodiment, the tubular member 405 is plastically deformed and 
radially expanded, and the annular body 415 is formed using one or more of the apparatus 
and methods disclosed in the following: (1) U.S. patent application serial no. 09/454,139, 
30 attorney docket no. 25791 .03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application 
serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5) 

-27- 



5NSDOCID- <WO___020538S7A2J_> 



WO 02/053867 

PCT/US02/00093 

US. patent application serial no. 09/523,460, attorney docket no. 25791.11.02 filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, attorney 
docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. paten. apphcafion serial no 
09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application 
senal no. 09/559,122, attorney docket no. 25791.23.02, fi,ed on 4/26/2000 (10) PCT 
paten, application serial no. PCT/US00/18635, attorney docket no. 2579i.25.02, fiied on 
7/9/.000, (1 1) U.S. provisional patent application serial no. 60/162,671, attorney docket 

io l™ ,fU *° nU/1/1999,(12)U '^ 

60/ 54,047,a«omeydocketno.25791.29,fi,edon9/16/,999,(13) U .S.p ro visionalpaten, 
apphcation serial no. 60/,59,082, attorney docket no. 25791.34, filed on ,0/12/1999 (14) 
U.S. provisional patent application serial no. 60/159,039, attorney doeke.no. 25791 36 

filedonl0/12/1999,(15)U.S. P rovisionalpatentappticationseria.no.60/159 033 ' ' 
attorney docket no. 25791.37, filed on 10/12/199Q ci^ttc ■• , 
15 serialno ' A T 0QUS ^™°^ Implication 

, attorney doeke.no. 25791.38, filed on 6/19/2000, (17) U S 

Phonal pa.cn. application serial no. 60/! 65,228, attorney docke. no. 25791.39, filed on 
1 1/12/1999, (,8) U.S. provisional paten, appfication serial no. att " 

docke. no. 2579. .45, filed on 7/28/2000, (,9) U.S. provisional^p^^ serial n0 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U S 

:0 provisionalpatentappficationseria.no. , attorney docke, no. 25791 47 

ftietion9/18/2000, fll edisc,osure S ofwhicha rei ncorpo ra tedhereinb y reference ' ' 
In an alternative embodiment, the annate body 415 may be omitted In several 
alternative embodiments, me annnlar body 415 may be ramafiy compressed before, during 
and/or after curing. 

5 Ref ^ toF *2i-e xp an S ioncone420maymenbedriveninado™ward 

** ****** ***** mik '" 1 " WU.uiiU.LUl Ul tXJO lUL/lUO. 

members 355 and405 are substantially equal In mis manner, as illustrated in Fig a 
»°-^™bomc^^^^ 

dtsplaccmen. of me expansion cone 420 in the do^watd direction, fluidic materials 
dtsp.aced by the expansion cone are conveyed out of the wellbore by an internal passage 
425a defined within the support member 425. 
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Referring to Figs 5a-5b, in an alternative embodiment, a tubular member 500 
having a shoe 505 maybe plastically deformed and radially expanded and thereby coupled 
to the preexisting section of wellbore casing 15 using any number of conventional 
methods. An annular body of a fluidic sealing material 510 may also be formed around the 
5 tubular member 500 using any number of conventional methods. In a preferred 

embodiment, the tubular member 500 is plastically deformed and radially expanded and 
the annular body 510 is formed using one or more of the methods and apparatus disclosed 
in one or more of the following: (1) U.S. patent application serial no. 09/454,139, attorney 
docket no 25791 .03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
10 09/510 913, attorney docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application 
serial no 09/502,350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
application serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) 
U.S. patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
15 25791.12.02, filed on2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attorney 
docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent appUcation serial no. 
09/588 946 attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application 
serial no 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT 
patent application serial no. PCT/US00/18635, attorney docket no. 25791.25.02, filed on 
20 7/9/2000, (1 1) U.S. provisional patent application serial no. 60/162,671 , attorney docket 
no 25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 
60/154 047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent appUcation serial no. 60/159,039, attorney docket no. 25791.36, 
25 filed on 10/12/1999, (15) U.S. provisional patent appUcation serial no. 60/159,033, 

attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 

serial nQ attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent appUcation serial no. 60/165,228, attomey docket no. 25791.39, filed on 

11/12/1999, (18) U.S. provisional patent appUcation serial no. , attorney 

30 docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
' attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent appUcation serial no. . attorney docket no. 25791 .47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 
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In several aUemative embodiments, the annular body 5 1 0 may be omitted or may 
be compressible before, during, or after curing. 

Referring to Fig, 5c and 5d, a conventional inflatable bladder 5 1 5 may then be 
portioned wimin the ttrbular member 500 and inflated to a sufficient operating pressure to 

plasticaJlydeformandmdiattyeKpa.dapoffionofthetubnla.membertotherebyforma 
recess 520 in the tubular member. 

Refe ™^K g ,5eand5f,meinfla te bie b .adder515may ft enberemovedand 
the shoe 505 drilled out using a conventional drilling device. 

Refe ™S toF * 5 S.»^tionaltt,bularmember525maymenbeplasticaUy 

the memods and apparatus described above in order to form a mono-diameter wellbore 
castng. Before, during or after the radial expansion of the «ubu.ar member 525, an annular 
body530ofafluidic sealing materia, may be formed around the tubular member ina 

1 5 ZT" 1 _ """" ^ ^ 0116 OT mOTe rf *• ^ ^ a ™ d ™ 

bs ^^~eembotoents,theinflatablebladder5 1 5 m aybccoup.edto 
the bottom of an expansion cone in order to permit the over-expansion process to be 
performed during the radial expansion process impiemented using the expansion cone 

Refe ™« toFi 8 s6 ^.-»alternativeembodimen,,atubnlarmember600 

to the preexisting section of wellbore casing fusing any number of conventional 
^.AnannuJarbodyofafluidic sealing materia, 610 n^a,so bo formed around the 
tubular member 600 using any numberof conventional methods. Inapreferred 

25 r b ^ e t? taw " m ^ 600 ^ 

» one or more of fte Mowing: (,) US. paten, apphcation seria, no. 09/454,,39, attorney 
09/5,0,913, attorney docket no. 25791.7.02, ffied on 2/23/2000, (3) U.S. patent application 
30 apphcation serial no. 09/440,338, attorney docket no. 2579,.9.02, filed on U/,5/,999 (5) 

J.nTr^™ 09/523 ' 460 ' att ° mey ^-2579,.,1.02,fi,edon 

3/10/2000, (6) U.S. paten, application seria, no. 09/5,2,895, attorney docket no 
2579,.,2.02, filed on M 4*000, (7) U.S. patent application seria.no. 09/511,941, attorney 
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docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 
09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application 
serial no. 09/559,122, attorney docket no. 25791 .23.02, filed on 4/26/2000, (10) PCT 
patent application serial no. PCT/US00/18635, attorney docket no. 25791.25.02, filed on 
7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, attorney docket 
no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, 
filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 
attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 

serial no . , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. . , attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791 .47, 

filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 610 may be omitted or may 
be compressible before, during, or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may then 
be positioned within the tubular member 600 and operated in a conventional manner apply 
a radial force to the interior surface of the tubular member 600 to plastically deform and 
radially expand a portion of the tubular member to thereby form a recess 620 in the tubular 
member. As will be recognized by persons having ordinary skill in the art, a roller 
expansion device typically utilizes one or more rollers that, through rotation of the device, 
apply aradial force to the interior surfaces of atubular member. In several alternative 
embodiments, the roller expansion device 61 5 may include eccentric rollers such as, for 
example, as disclosed in U.S. Pat Nos. 5,014,779 and 5,083,608, the disclosures of which 
are incorporated herein by reference. 

Referring to Figs. 6d and 6e, the roller expansion device 615 may then be removed 
and the shoe 605 drilled out using a conventional drilling device. 
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Refening to Fig. 6f, an additional tubular member 625 may then be plastically 
deformed and radiaUy expanded in a conventional manner and/or by using one or more of 
the methods and apparatus described above in order to form a mono-diameter weUbore 
casmg. B^.d-ingoraftertherama 1 e X pansionofthetubular m e m ber625,anannular 
bodyesoofafluidicsealingmaterialmaybeformedaroundthetubularmemberina 
convention manner and/or by using one or more of the methods and apparatus described 
above. 

In several alternative embodiments, the roller expansion device 615 may be 
coupled to the bottom of an expansion cone in order to permit the over-expansion process 
to be performed during the radial expansion process implemented using the expansion 
cone. 

Reft ™8-tialIytoFig.7a,aweUbore,0mc.udesapreexistingweUborecasmg 
15. Tfre wellbore 1 0 may be oriented in any orientation from the vertical to the horizontal 
The preexisting wellborn casing . 5 may be coupled to the upper portion of the wellborn 1 0 
15 usmganynumberofconventionalmethods. In a preferred embodiment, the wellbore 
casmg 15 is coupled to the upperportion of the wellbore 10 using one or more of the 
methods and apparatus disclosed in one or more of the following: (1) U S patent 
application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999 (2) 
U.S. patent application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on' 
20 2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no 

25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338 attorney 
docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no 
09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U S patent 
application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000 (7) 
25 U.S. paten, application serial no. 09/51 1,941, attorney docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no 
Woi 1-7 n-> Gt.A „ tnnwn m„!c 

docket no. 25791.23.02, filed on 4*6/2000, (10) ^^^fion^^ 
PCT/USO0/18635, attorney docket no. 25791.25.02, filed on 7/9/2000 (11) U S 
30 provisional patent application serial no. 60/1 62,671, attorney docket no. 25791 .27 filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorney docket 
no. 25791.29, filed on 9/16/1999, (.3) U.S. provisional patent application serial no 
60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
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patent application serial no. 60/159,039, attorney docket no. 25791.36, filed on 
10/12/1999, (1 5) U.S. provisional patent application serial no. 60/159,033, attorney docket 
no. 25791-37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

5 provisional patent application serial no. 60/165,228, attorney docket no. 25791 .39, filed on 

11/12/1 999, (1 8) U.S. provisional patent application serial no. attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791 .47, 

1 0 filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. More 

generally, the preexisting wellbore casing 15 may be coupled to another preexisting 

wellbore casing and/or may include one or more concentrically positioned tubular 

members. 

Referring to Fig. 7b, an apparatus 700 for radially expanding a tubular member 
15 may then be positioned within the wellbore 10. The apparatus 700 includes a tubular 
support member 705 defining a passage 710 for conveying fluidic materials. An 
expansion cone 715 defining a passage 720 and having an outer conical surface 725 for 
radially expanding tubular members is coupled to an end of the tubular support member 
705. 

20 An expansion cone launcher 735 is movably coupled to and supported by the 

expansion cone 715. The expansion cone launcher 735 includes an upper portion 735a 
having an upper outer diameter, an intermediate portion 735b that mates with the 
expansion cone 715, and a lower portion 735c having a lower outer diameter. The lower 
outer diameter is greater than the upper outer diameter. The expansion cone launcher 735 
25 further includes a recessed portion 735d having an outer diameter that is less than the 
lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion of the 
expansion cone launcher 735. In a preferred embodiment, the valveable passage 745 may 
be comrollably closed in order to fluidicly isolate a region 750 below the expansion cone 
30 71 5 and bounded by the lower portion 735c of the expansion cone launcher 735 and the 
shoe 740 from the region outside of the apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of the 
expansion cone launcher 735. One or more sealing members 760a and 760b may be 
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coupled to the exterior of the upper portion of the expandable tubular member 755. In 
several alternative embodiments, the sealing members 760a and 760b may include 
elastomeric elements and/or metallic elements and/or composite elements. In several 
alternative embodiments, one or more anchoring elements may substituted for, or used in 
5 addition to, the sealing members 760a and 760b. 

In a preferred embodiment, the support member 705, the expansion cone 715 the 
expansion cone launcher 735, the shoe 740, and the expandable tubular member 755 'are 
provided substantially as disclosed in one or more of the following: (1) U.S. patent 
application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999 (2) 
10 U.S. patent application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on' 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney 
docket no. 25791 .9.02, filed on 1 1/1 5/1999, (5) U.S. patent application serial no. 
09/523,460, attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S patent 
15 application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000 (7) 
U.S. patent application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no 
25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, attorney 
docket no. 25791 .23.02, filed on 4/26/2000, (1 0) PCT patent application serial no 
20 PCT/US00/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, (1 1) US 

provisional patent application serial no. 60/162,671, attorney docket no. 25791.27, filed on 
1 1/1/1999, (12) U.S. provisional patent application serial no. 60/154,047, attorneydocket 
no. 25791 .29, filed on 9/16/1999, (13) U.S. provisional patent application serial no 
60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional 
25 patent application serial no. 60/159,039, attorney docket no. 25791.36, filed on 

10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, attorney docket 

nc. 257?? .27. filed .-- 1 0/1 ?J1 000 ri .Ti T T « - - ~ 

_ , attorney docket no. 25791.38, filed on 6/19/2000, (17) US. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791 39 filed on 

30 ll/12/1999,(18)U.S.provisional P atentapplicationserialno. attomey 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
attomey docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 
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provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/1 8/2000, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 7b, in a preferred embodiment, during placement of the 
apparatus 700 within the wellbore 10, fluidic materials 765 within the wellbore 10 are 

5 conveyed through the apparatus 700 through the passages 7 1 0, 720 and 745 to a location 
above the apparatus 700. In this manner, surge pressures during placement of the 
apparatus 700 within the wellbore 10 are reduced. In a preferred embodiment, the 
apparatus 700 is initially positioned within the wellbore 1 0 such that the top portion of the 
tubular member 755 overlaps with the preexisting casing 15. In this manner, the upper 

10 portion of the expandable tubular member 755 may be radially expanded into contact with 
and coupled to the preexisting casing 15. As will be recognized by persons having 
ordinary skill in the art, the precise initial position of the expandable tubular member 755 
will vary as a function of the amount of radial expansion, the amount of axial shrinkage 
during radial expansion, and the material properties of the expandable tubular member. 

1 5 As illustrated in Fig. 7c, a fluidic material 770 may then be inj ected through the 

apparatus 700 through the passages 710, 720, and 745 in order to test the proper operation 
of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then be 
injected through the apparatus 700 through the passages 710, 720 and 745 into the annulus 
20 between the apparatus and the wellbore 1 0. In this manner, an annular barrier to fluid 
migration into and out of the wellbore 10 may be formed around the radially expanded 
expansion cone launcher 735 and expandable tubular member 755. The hardenable fluidic 
sealing material may include, for example, a cement mixture. In several alternative 
embodiments, the injection of the hardenable fluidic sealing material 775 may be omitted. 
25 In several alternative embodiments, the hardenable fluidic sealing material 775 is 
compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 7e, a non-hardenable fluidic material 780 may then be 
injected into the apparatus through the passages 710 and 720. A ball plug 785, or other 
similar device, may then be injected with the fluidic material 780 to thereby seal off the 
30 passage 745. In this manner, the region 750 may be pressurized by the continued injection 
of the fluidic material 780 into the apparatus 700. 

As illustrated in Figs. 7f and 7g, the continued injection of the fluidic material 780 
into the apparatus 700 causes the expansion cone launcher 735 and expandable tubular 
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member 755 to be plastically deformed and radially expanded off of the expansion cone 
715. The resulting structure includes a lip 790. 

After completing the plastic deformation and radial expansion of the tubular 
member 755, the hardenable fluidic sealing material is allowed to cure to thereby form an 
5 annular body 795 that provides a barrier to fluid flow into or out of the wellbore 10. 

Referring to Fig. Th, the shoe 740 may then removed by drilling out the shoe using 
a conventional drilling device. A new section of the wellbore 1 0 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plasticaUy deformed and radially expanded tubular member 755. 
10 Referring to Fig. 7i, an additional tubular member 800 may then be plastically 

deformed and radially expanded in a conventional manner and/or by using one or more of 
the methods and apparatus described above in order to form a mono-diameter wellbore 
casing. Before, during or after the radial expansion of the tubular member 800, an annular 
body 805 of a fluidic sealing material may be formed around the tubular member in a 
1 5 conventional manner and/or by using one or more of the methods and apparatus described 
above. In a preferred embodiment, the hp 790 facilitates the coupling of the tubular 
member 800 to the tubular member 755 by providing a region on which the tubular 
member 800 may be easily coupled onto. 

Referring to Fig. 8a, in an alternative embodiment, a wellbore 1 0 includes a 
preexisting section of wellbore casing 15 and 900. The wellbore casing 900 includes 
sealing members 905a and 905b and a recess 910. An annular body 915 of a fluidic 
sealing material may also be provided around the casing 900. The casing 900 and annular 
body 91 5 may be provided using any number of conventional methods, the methods 
described above, and/or using one or more of the methods disclosed in the following: (1) 
25 U.S. patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 
12/3/1999, (2) U.S. patent application serial no. 09/51 0,913, attorney docket no. 



20 



./.o. patwuu a-pyxx^auyju sciim uu. uw juz,^u, attorney 
docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 
09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
30 application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) 
U.S. patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 
2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attorney docket no. 
25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney 
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docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 
09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent 
application serial no. PCT/US00/18635, attorney docket no. 25791.25.02, filed on 
7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, attorney docket 
5 no. 25791 .27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 

60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attorney docket no. 25791 .36, 
filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/159,033, 
10 attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 

serial no . , attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 

1 1/12/1999, (18) U.S. provisional patent application serial no. , attorney 

docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

1 5 , attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

Referring to Fig. 8b, an apparatus 1000 for radially expanding a tubular member is 
then positioned within the wellbore 10 that includes a tubular support member 1005 that 
20 defines a passage 1010 for conveying fluidic materials. A hydraulic locking device 1015 
that defines a passage 1020 for conveying fluidic materials that is fluidicly coupled to the 
passage 1010. The locking device 1015 further includes inlet passages, 1020a and 1020b, 
actuating chambers, 1025a and 1025b, and locking members, 1030a and 1030b. During 
operation, the injection of fluidic materials into the actuating chambers, 1025a and 1025b, 
25 causes the locking members, 1030a and 1030b, to be displaced outwardly in the radial 
direction. In this manner, the locking device 1015 may be controllably coupled to a 
tubular member to thereby maintain the tubular member in a substantially stationary 
position. As will be recognized by persons having ordinary skill in the art, the operating 
pressures and physical shape of the inlet passages 1020, actuating chambers 1025, and 
30 locking members 1030 will determine the maximum amount of holding force provided by 
the locking device 1015. In several alternative embodiments, fluidic materials maybe 
injected into the locking device 1015 using a dedicated fluid passage in order to provide 
precise control of the locking device. In several alternative embodiments, the locking 
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device 10,5 may be omitted and the tubular supports ,005 coopled directly ,o the 
tubular support member ,035. 

O ° e « d °f^buiarsu P p O rtmemberl035matdefi n e S a P as S age,040 i seou P ,ed 
to the lociong device ,015. ^passage 1040 is flmmcly coupled m the passage ,020 
Anexpansioncone , 045 that defines a passage 

055 ts conp.ed to another end ofthetubuiar support member 1035. An expansion cone 

launeherlOSOismovablycupiedtoandsuppottedbytheexpansionc^neWS The 
expansion cone launcher 1 060 includes an upper portion , 060a having an upper outside 
dtameter, an intermediate portion 1 060b that mates with the expansion cone , 045, and a 
10 lowerpornonlOMchavingalowerou^idediameter. The ,ower oufcide diame«e r is 
greater than the upper outside diameter. 

,060 1065ftatdefi —^eab,epassage ,070 is coup.ed to me ,ower portion 

1060c of me expansion cone .auncher ,060. In this manner, a region ,075be,owtbe 
expansmncone ,045 and bounded by the expansion cone , auncher , 060 and the shoe ,065 

ro^T^ mdfl ^ ciy " fromfte — re ^^-^~ 

1 000 and the wellbore 1 0. 

An expandable tubular member , 080 is coup,ed to the upper portion of the 
expansion cone ,auncher ,060. In several ahemative embodiments, one or more seating 

-^---pledtomeextenorofmeupperportionofmeexpandabiembn.a, 
20 member,080. ha several alternative embodiments, the sealing members may include 
e astomenc elements and/or tnetailic elements and/or composite Cements, m Severn, 
ahernauve embodiments, one or more anchoring elements may substituted for, or nsed in 
addition to, the sealing members. 

25 „ t" OaTOne,085de ^ ga ™ ,090& ^iving«hen,bularsup P ort 

25 m ember,005mc,udesanouterconica,sur & ce,095. A tubular support member 1 1 00 
definmg apassageHOS for rec^vn* the mbuto support member ,005 is coupled to the 

^preferred embodunent, the support metnbers ,005 and ,035, the expansion 

30 , Lt eXPmSiOD ^ ,aUDCher 1060> Sh ° e 1065 > ** W* tubniar 

30 ^^SOareprovidedsnbstanMyasdiaciosedmoneormoreo^ 

™^T ons ^ no ' 09/4H139,anomeydocke,no - 2579]o3 - o2 ' ffl 

12/3/1999, (2) U.S. patent application serial no. 09/510,9,3, attorney docket no 
2579,.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney 
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docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 
09/440 338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) 
U.S. patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 
5 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attorney docket no. 

25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney 
docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 
09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent 
application serial no. PCT/US00/18635, attorney docket no. 25791.25.02, filed on 
10 7/9/2000, (1 1) U.S. provisional patent application serial no. 60/162,671, attorney docket 
no. 25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent 
application serial no. 60/159,082, attorney docket no. 25791.34, filed on 10/12/1999, (14) 
U.S. provisional patent application serial no. 60/159,039, attorney docket no. 25791.36, 
15 filed on 10/12/1999, (15) U.S. provisional patent application serial no. 60/1 59,033, 

attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. provisional patent application 
serial no. _ attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 

11/12/1999, (18) U.S. provisional patent application serial no. , attorney 

20 docket no. 25791 .45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791.46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. _ , attorney docket no. 25791.47, 

filed on 9/18/2000, the disclosures of which are incorporated herein by reference. 

As illustrated in Fig. 8b, in a preferred embodiment, during placement of the 
25 apparatus 1000 within the wellbore 10, fluidic materials 1110 within the wellbore 10 are 
conveyed through the apparatus 1000 through the passages 1010, 1020, 1040 and 1070 to a 
location above the apparatus 1000. In this manner, surge pressures during placement of 
the apparatus 1000 within the wellbore 10 are reduced. In a preferred embodiment, the 
apparatus 1000 is initially positioned within the wellbore 10 such that the top portion of 
30 the tabular member 1080 overlaps with the recess 910 of the preexisting casing 900. In 
this manner, the upper portion of the expandable tubular member 1080 may be radially 
expanded into contact with and coupled to the recess 910 of the preexisting casing 900. 
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As illustrated in Fig. 8c, a fluidic material 11,5 may then be injected through the 
apparatus 1000 tough the passages 1010, 1020, 1040, and 1 070 in order to test the 
proper operation of these passages. 

AS ^ teted - Fi S-^ahardenablefluidicsealingmaterialll20maythenbe 
tnjected tough the apparatus 1000 tough the passages ,010, 1020, .040, and 1070 into 
fl.e annu.us between Are apparatits and fl.ewel.bore ,0. In this manner, an annular barrier 
to flutd nugration into and out of the wellbore 1 0 may be formed around the radially 
expanded expansion cone launcher 1060 and expandable tubular member 1080 The 

alternative embodiments, the injection of the hardenable fluidic seahng material l,20may 
be onutted. m several alternative embodiments, the hardenable fluidic sealing materia. 
1120 ,s compressible, before, during and/or after, the curing process. 

As illustrated in Fig. 8e, a non-hardenable fluidic material 1 125 may then be 
rnjectedtnto the apparatus 1000 tough the passages 1010, 1020and 1040. Aballplug 
llSO.oroftersimilardevice.maythenbeinjectedwiO.thefluidiomatorial 1125 to 
toebysealoffthe passage ,070. In this manner, toe region 1075 may be pressurized by 
the continued injection of the fluidic material 1 125 into the apparatus 1000. Furthermore 
mto manner, the actuating chamber, >025aand 1025b, of the locking device 1015may' 
bepressurized In this manner, the mbu,ar member 1 080 may be he,d in a substantia^ 
20. stationary position by the locking device 1015. 

AsillusteatedinFig. U. Are expansion cone 1 085 may then be actuated in the 
downward dhection by a direct application of axial force using the support member 1 1 00 
and/or tough the application of fluid feme. The axial displacement of the expansion 

25 mbularmemberlOSO. In tins manner, 4a upper portion of the expandable tubular 
member 1080 may be precisely coupled to the tecessSlOof the preexisting casing 900 



10,5 preferably prevents axial displacement of the tubular member 1080. Inaprefetred 
embotoentd.elockingmemberlO^ispositionedpmximatetheupperportionofti.e 
30 ^--ber.OgOmordertopreventbucklmgofttetubuIarmemberlOSOduringme 
radral expansion of the upper portion of the tubular member. In an alternative 
embodiment the locking member 1015 is omitted and the interference between the 
mtennediateportion 1060b of the expansion cone launcher 1060 and the expansion cone 
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1045 prevents the axial displacement of the tubular member 1080 during the radial 
expansion of the upper portion of the tubular member. 

As illustrated in Fig. 8g, the expansion cone 1085 and 1 100 may then be raised out 
of the wellbore 10. 

As illustrated in Fig. 8h, the continued injection of the fluidic material 1 125 into 
the apparatus 1000 may then cause the expansion cone launcher 1060 and the expandable 
tubular member 1080 to be plastically deformed and radially expanded off of the 
expansion cone 1045. In this manner, the expansion cone 1045 is displaced relative to the 
expansion cone launcher 1060 and expandable tubular member 1080 in the axial direction. 
In a preferred embodiment, the axial forces created during the radial expansion process are 
greater than the axial forces generated by the locking device 1015. As will be recognized 
by persons having ordinary skill in the art, the precise relationship between these axial 
forces will vary as a function of the operating characteristics of the locking device 1015 
and the metallurgical properties of the expansion cone launcher 1060 and expandable 
tubular 1080. In an alternative embodiment, the operating pressures of the actuating 
chambers, 1025a and 1025b, and the region 1075 are separately controllable by providing 
separate and dedicated fluid passages for pressurizing each. 

As illustrated in Fig. 8i, after completing the plastic deformation and radial 
expansion of the tubular member 1080, the hardenable fluidic sealing material is allowed 
to cure to thereby form an annular body 1 1 30 that provides a barrier to fluid flow into or 
out of the wellbore 10. The shoe 1065 may then removed by drilling out the shoe using a 
conventional drilling device, A new section of the wellbore 1 0 may also be drilled out in 
order to permit additional expandable tubular members to be coupled to the bottom portion 
of the plastically deformed and radially expanded tubular member 1 080. 

In an alternative embodiment, the annular body 1 130 may be omitted. In several 
alternative embodiments, the annular body 1130 may be radially compressed before, 
during and/or after curing. 

Referring to Fig. 8j, the tubular member 1 080 may be radially expanded again 
using one or more of the methods described above to provide an mono-diameter wellbore 
casing. 

Referring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 1205 
and a lower preexisting casing 1210. The casings, 1205 and 1210, may further include 
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outer annular layers of fluidic sealing materials such as, for example, cement. TT>e ends of 
the casings, 1205 and 1210, are separated by a gap 1215. 

Referring to Fig. 9b, a tubular member 1220 may then be coupled to the opposing 
ends of the casings, 1205 and 1210, to thereby bridge the gap 1215. Inapreferred 
5 embodiment, the tubular member 1220 is coupled to the opposing ends of the casings, 
1205 and 1210, by plastically deforming and radially expanding the tubular member 1220 
using one or more of the methods and apparatus described and referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned within 
the tubular member 1220. In a preferred embodiment, the length of the radial expansion 
10 devxce 1225 is greater than or equal to the axial length of the tubular member 1220 In 
several alternative embodiments, the radial expansion device 1225 may be any number of 
conventional radial expansion devices such as, for example, expansion cones actuated by 
hydraulic and/or direct axial force, roller expansion devices, and/or expandable hydraulic 
bladders. 

1 5 Referring to Figs. 9d and 9e, after actuation and subsequent de-actuation and 

removal of the radial expansion device 1225, the inside diameters of the casings, 1205 and 
1210, are substantially equal to the inside diameter of the tubular member 1220. In this 
manner, a mono-diameter wellbore casing may be formed. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 and 
20 aninnertubularmemberl310. In a preferred embodiment, the tubular members, 1305 and 
1 3 1 0, are plastically deformed and radially expanded using one or more of the methods 
and apparatus described and referenced above. In this manner, a wellbore casing may be 
provided whose burst and collapse strength may be precisely controlled by varying the 
number, thickness, and/or material properties of the tubular members, 1305 and 1310. 
25 Referring to Fig. 1 la, a wellbore 1400 includes a casing 1405 that is coupled to a • 

preexisting casing 1410. In a preferred embodiment, one or more sealing members 1415 

w — ^ wx" ^ UJ ^ C1 pumu^ ui ui C tuuuiar nicmoer iwd m oraer to 
optimally seal the interface between the tubular member 1405 and the preexisting casing 
1410. In a preferred embodiment, the tubular member 1405 is plastically deformed and 
30 radially expanded using conventional methods and/or one or more of the methods and 
apparatus described and referenced above. In an exemplary embodiment, the outside 
diameter of the tubular member 1 405 prior to the radial expansion process is OD 0 , the wall 
thickness of the tubular member 1405 prior to the radial expansion process is t,, the 
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outside diameter of the tubular member following the radial expansion process is OD„ and 
the wall thickness of the tubular member following the radial expansion process is t, . 

Referring to Fig. 1 lb, a tubular member 1420 may then be coupled to the lower 
portion of the tubular member 1405 by plastically deforming and radially expanding the 
5 tubular member 1 420 using conventional methods and/or one or more of the methods and 
apparatus described and referenced above. In a preferred embodiment, the exterior surface 
of the upper portion of the tubular member 1420 includes one or more sealing members for 
sealing the interface between the tubular member 1420 and the tubular member 1405. 



10 member 1420 may be radially expanded again to provide a mono-diameter wellbore 
casing. The additional radial expansion may be provided using conventional methods 
and/or one or more of the methods and apparatus described and referenced above. In an 
exemplary embodiment, the outside diameter and wall thickness of the lower portion of 
the tubular member 1405 after the additional radial expansion process are OD, andt,. 

1 5 The radial expansion process of Figs. 1 lb-1 1 c can then be repeated to provide a 

mono-diameter wellbore casing of virtually unlimited length. 

In several alternative embodiments, the ordering of the radial expansions of the 
tubular members, 1405 and 1420, may be changed. For example, the first tubular member 
1405 may be plastically deformed and radially expanded to provide a lower portion having 

20 the outside diameter OD 2 and the remaining portion having the outside diameter ODp The 
tubular member 1420 may then be plastically deformed and radially expanded one or more 
times until the inside diameters of the tubular members, 1405 and 1420, are substantially 
equal. The plastic deformations and radial expansions of the tubular members, 1405 and 
1420, may be provided using conventional methods and/or one or more of the methods and 

25 apparatus described and referenced above. 

In an exemplary embodiment, the total expansion strain E of the tubular member 
1405 may be expressed by the following equation: 



Referring to Fig. 11c, lower portion of the tubular member 1405 and the tubular 



E={OD 2 -OD 0 )/OD 0 (1) 



30 



where 



OD 0 = original outside diameter; 

OD, = outside diameter after 1 st radial expansion; and 

OD 2 = outside diameter after 2 nd radial expansion. 
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Furthermore, in an exemplary embodiment, where: (1) the exterior surface of the 
upper portion of the tubular member 1420 includes sealing members, and (2) the radial 
spacing between the tubular member 1405 and the wellbore 1400 prior to the first radial 
expansion is equal to d, the outside diameters, OD, and OD 2 , of the tubular member 1405 
5 following the first and second radial expansions may be expressed as: 
OD l = OD Q + 2d+ 2/, (2) 
OD 2 = OD 1 + 2R+2t 2 (3) 

where OD 0 = the original outside diameter of the tubular member 1405; 

OD, = the outside diameter of the tubular member 1 405 
following the first radial expansion; 
10 OD 2 = the outside diameter of the tubular member 1405 

following the second radial expansion; 
d = the radial spacing between the tubular member 1 405 

and the wellbore prior to the first radial expansion; 
x \ = the wall thickness of the tubular member 1405 after 
15 the first radial expansion; 

t 2 = the wall thickness of the tubular member 1 405 after 

the second radial expansion; and 
R = the thickness of sealing member provided on the 
exterior surface of the tubular member 1420. 
20 Furthermore, in an exemplary embodiment, for d approximately equal to 0.25 

inches and R approximately equal to 0.1 inches, equation (1) can be approximated as: 

E=(0J"+3.7t 0 )/OD 0 (4) 

where to = the original wall thickness of the tubular member 

1405. 

25 In an exemplary embodiment, the total expansion strain of the tubular member 

1405 should be less than or equal to 0.3 in order to maximize the burst and collapse 
strength of the expandable tubular member. Therefore, from equation (4) the ratio of the 
original outside diameter to the original wall thickness (OD A) may be expressed as: 
OD 0 1 1 0 > 3.8 / (03 - 0.7 / OD 0 ) (5) 
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Thus, in a preferred embodiment, for OD 0 less than 1 0 inches, the optimal ratio of 
the original outside diameter to the original wall thickness (OD A) may be expressed as: 

OD 0 /t Q > 16 (6) 
In this maimer, for typical tubular members, the burst and collapse strength of the 
tubular members following one or more radial expansions are maximized when the 
relationship in equation (6) is satisfied. Furthermore, the relationships expressed in 
equations (1) through (6) are valid regardless of the order or type of the radial expansions 
of the tubular member 1405. More generally, the relationships expressed in equations (1) 
through (6) may be applied to the radial expansion of structures having a wide range of 
profiles such as, for example, triangular, rectangular, and oval. 

An apparatus for plastically deforming and radially expanding a tubular member 
has been described that includes means for plastically deforming and radially expanding a 
first portion of the tubular member to a first outside diameter, and means for plastically 
deforming and radially expanding a second portion of the tubular member to a second 
outside diameter. In a preferred embodiment, the first outside diameter is greater than the 
second outside diameter. In a preferred embodiment, the means for plastically deforming 
and radially expanding the first portion of the tubular member to the first outside diameter 
is removable. In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the tubular member to the first outside diameter is frangible. 
In a preferred embodiment, the means for plastically deforming and radially expanding the 
first portion of the tubular member to the first outside diameter is elastic. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter includes means for applying a radial 
force to the first portion of the tubular member. In a preferred embodiment, the means for 
plastically defonning and radially expanding the first portion of the tubular member to the 
first outside diameter is inflatable. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes rolling means for applying radial pressure to the first portion of 
the tubular member. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface, a 
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removable annular conical sleeve coupled to the outer conical surface of the expansion 
cone, an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and a shoe having a valveable passage coupled to an end of 
the expansion cone launcher. In a preferred embodiment, the conical sleeve is frangible. 
5 In a preferred embodiment, the conical sleeve is elastic. In a preferred embodiment, the 
conical sleeve includes a plurality of arcuate elements. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a portion of 
the tubular member to a first outside diameter, and plastically deforming and radially 
10 expanding another portion of the tubular member to a second outside diameter. In a 
preferred embodiment, the first diameter is greater than the second diameter. In a 
preferred embodiment, plastically deforming and radially expanding the portion of the 
tubular member includes applying a radial force to the portion of the tubular member using 
a conical sleeve. In a preferred embodiment, conical sleeve is frangible. In a preferred 
15 embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a plurality of arcuate elements. In a preferred embodiment, plastically deforming 
and radially expanding the portion of the tubular member includes applying a radial force 
to the portion of the tubular member using an inflatable bladder. In a preferred 
embodiment, plastically deforming and radially expanding the portion of the tubular 
member includes applying a radial force to the portion of the tubular member using a roller 
expansion device. 

A method of coupling a first tubular member to a second tubular member has also 
been described that includes plastically deforming and radially expanding a first portion of 
the first tubular member to a first outside diameter, plastically deforming and radially 
25 expanding another portion of the first tubular member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in overlapping 

--w;^, «.„ +u„ zf±z rr__. , , . 

r ~ kv ""-"~ "»vuii,vi, ^iuouvou; v*vxvjj.jLLiIng au\l Lddlaliy 

expanding the second tubular member to a third outside diameter, and plastically 
deforming and radially expanding the second tubular member to a fourth outside diameter 
30 Tie mside diameters of the first and second tubular members after the plastic deformations 
and radial expansions are substantially equal, In a preferred embodiment, the first outside 
diameter is greater than the second outside diameter. In a preferred embodiment, 
plastically deforming and radially expanding the first portion of the first tubular member 
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includes apptydng a radial force to the portion of the tubular member using a conical 
sleeve. In a preferred embodiment, the conical sleeve is frangible. In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
includes a plurality of arcuate elements. In a preferred embodiment, plastically deforming 
5 and radially expanding the first portion of the first tubular member includes applying a 
radial force to the first portion of the first tubular member using an inflatable bladder. In a 
preferred embodiment, plastically deforming and radially expanding the first portion of the 
first tubular member includes applying a radial force to the first portion of the first tubular 
member using a roller expansion device. 

10 An apparatus for coupling a first tubular member to a second tubular member has 

also been described that includes means for plastically deforming and radially expanding a 
first portion of the first tubular member to a first outside diameter, means for plastically 
deforrning and radially expanding another portion of the first tubular member to a second 
outside diameter, means for positioning the second tubular member inside the first tubular 

1 5 member in overlapping relation to the first portion of the first tubular member, means for 
plastically deforming and radially expanding the second tubular member to a third outside 
diameter, and means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter. The inside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal. In a 

20 preferred embodiment, the first outside diameter is greater than the second outside 

diameter. In a preferred embodiment, the means for plastically deforrning and radially 
expanding the first portion of the first tubular member includes means for applying a radial 
force to the portion of the tubular member using a conical sleeve. In a preferred 
embodiment, the conical sleeve is frangible. In a preferred embodiment, the conical sleeve 

25 is elastic. In a preferred embodiment, the conical sleeve includes a plurality of arcuate 
elements. In a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular member includes means for applying a radial 
force to the first portion of the first tubular member using an inflatable bladder. In a 
preferred embodiment, the means for plastically defonning and radially expanding the first 

30 portion of the first tubular member includes means for applying a radial force to the first 
portion of the first tubular member using a roller expansion device. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, means 
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for plastically deforming and radially expanding a firs, portion of the tabular member to a 
first outside diameter, and means for plastically deforming and radially expanding a 
second portion of the tabular member to a second outside diameter. In a preferred 
embodiment, the first outside diameter is greater than the second outside diameter In a 
5 preferred embodiment, the means for plastically deforming and radially expanding the first 
portton of the tubular member to the first outside diameter is removable. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first portion 
of the tubular member to the first outside diameter is tangible. In a preferred 
embodiment the means for piastically deforming and radially expanding the first portion 
10 of the tubular member to me first outside diameter is elastic. In a preferred embodiment, 
the means for plastically deforming and radially expanding the first portion of the tubular 
member to the first outside diameter includes means for applying a radial force to the firs, 
portton of the tubular member. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
15 outside diameter is inflatable. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to me first 
outside diameter includes rolling means for applying radial pressure to the first portion of 
the tubular member. In a preferred embodiment the apparatus further includes means for 
foimingan annular body of a fluidic sealing material within an annnlns between the 
20 tabular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes a tubular support member including a first fluid passage an 
expansion cone coupled to the tabular support member having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surface, a removable 
25 annular conical sleeve coupled to the outer conical surface of the expansion cone an 

annular expansion cone launcher coupled to the conical sleeve and a lower portion of the 
. „_ „, ^ „ ^ a va ; vctt - uic pta ^ e coupiea to an eno or me expansion 

cone launcher. In a preferred embodiment, the conical sleeve is tangible. In a preferred 
embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical sleeve 
30 includes a plurality of arcuate elements. 

A method of forming a wellbore casing within a wellbore has also been described 
that mcludes supporting a tubular member within a wellbore, plastically deforming and 
ramally expanding a portion of the tabular member to a first outside diameter and 



-48- 



PCT/US02/00093 

WO 02/053867 

plastically deforming and radially expanding another portion of the tubular member to a 
second outside diameter. In a preferred embodiment, the first diameter is greater than the 
second diameter. In a preferred embodiment, plastically deforming and radially expanding 
the portion of the tubular member includes applying a radial force to the portion of the 
5 tubular member using a conical sleeve. In a preferred embodiment, the conical sleeve is 
frangible. In a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 
embodiment, plastically deforming and radially expanding the portion of the tubular 
member includes applying a radial force to the portion of the tubular member using an 
1 0 inflatable bladder. In a preferred embodiment, plastically deforming and radially 

expanding the portion of the tubular member includes applying a radial force to the portion 
of the tubular member using a roller expansion device. In a preferred embodiment, the 
method further includes injecting an annular body of a hardenable fluidic sealing material 
into an annulus between the tubular member and the wellbore. In a preferred embodiment, 
1 5 the method further includes curing the annular body of hardenable fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has also 
been described that includes supporting a first tubular member within the wellbore, 
plastically deforming and radially expanding a first portion of the first tubular member to a 
first outside diameter, plastically deforming and radially expanding another portion of the 
20 first tubular member to a second outside diameter, positioning the second tubular member 
inside the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular member 
to a third outside diameter, and plastically deforming and radially expanding the second 
tubular member to a fourth outside diameter. The inside diameters of the first and second 
25 tubular members after the plastic deformations and radial expansions are substantially 
equal. In a preferred embodiment, the first outside diameter is greater than the second 
outside diameter. In a preferred embodiment, plastically deforming and radially expanding 
the first portion of the first tubular member includes applying a radial force to the portion 
of the tubular member using a conical sleeve. In a preferred embodiment, the conical 
30 sleeve is frangible. In a preferred embodiment, the conical sleeve is elastic. In a preferred 
embodiment, the conical sleeve includes a plurality of arcuate elements. In a preferred 
embodiment, plastically deforming and radially expanding the first portion of the first 
tubular member includes applying a radial force to the first portion of the first tubular 

-49- 



3NSDOCID- <WO 02053867 A2_L> 



WO 02/053867 

PCT/US02/00093 

member using an datable bladder. In a preferred embodiment plastically deforming and 

forcetotbetoportionofth^tobularrnernbarusingaroUerexpansiondevioe Ina 
preferred embodiment, the method further includes injecting an annular body of a 
5 hardenable flnidic sea ling material into an annum* between the first tubular member and 
the wellbore. In a preferred embodiment, the method further includes curing the annular 
body of hardenable flnidic sealing material. In a preferred embodiment, the method 
fiirther mcludes injecting an annular body of a hardenable flnidic sealing material into an 
annulus between the second tnbnlar member and me wellbore. ma preferred embodiment 
1 0 the method further includes curing the annular body of hardenable flnidic sealing material ' 
An apparatus for coupling a first tubular member toasecond tubular member has 
also been described mat includes means for plastically deforming and radially expanding a 
firs, portion of the first tubular member to a first outside diameter, means for plastically 
defornung and radially expanding another portion of fte ^ mbular ^ & ^ 

member in overlapping relation to the first portionofthe firs, Pabular member, means for 
plastically deforming and radially expanding the second tubular member toathird outside 
character, and means for plastically deforming and radially expanding the second tubular 
membertoafourthoutsidediameter. Tie inside diameters of the first and second tubular 

20 ^bersaftermeplasticdefonnationsandramalexpansionsaresubsmntiaUyequal Ina 
preferred embodiment the first outside diameter is greater than the second outside 
mameter. Inapreferred embodiment the means for plastically deforming and radially 

force to the portion of the tubular member using a conical sleeve. In a preferred 
25 embodimenttheconicalsleeveisfrangible. In a preferred embodiment, the conical sleeve 
» elastic. Inferred embodiment the conical sleeve includes a plurality of arcuate 

expandmg the firs, portion of the firs, tubular member includes means for applying a radial 
force to the first portion of the first tubular member using an inflatable bladder In a 
30 P^^^^^ nvl ^ y ^ 0 ^ g ^^ ye ^^ e& ^ 
portion of the firs. Pabular member includes means for applying a radial force to fire firs, 
portion of me first tubular member using a roller expansion device. In a preferred 
embodiment the apparatus further mcludes means for injecting an annular body of a 
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• hardenable fluidic sealing material into an annul us between toe first tubular member and 
the wellbore. In a preferred embodiment, the apparatus further includes means for curing 
the annular body of hardenable fluidic sealing material. In a preferred embodiment, the 
apparatus further includes means for injecting an annular body of a hardenable fluidic 
5 sealing material into an annul us between the second tubular member and the wellbore. In 
a preferred embodiment, the apparatus further includes means for curing the annular body 
of hardenable fluidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes means for providing a lipped portion in a portion of 
10 the tubular member, and means for plastically deforming and radially expanding another 
portion of the tubular member. 

An apparatus for plastically deforming and radially expanding a tubular member 
has also been described that includes a tubular support member including a first fluid 
passage, an expansion cone coupled to the tubular support member having a second fluid 
1 5 passage fluidicly coupled to the first fluid passage and an outer conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 
mates with the outer conical surface of the expansion cone, a third annular portion coupled 
to the second annular portion having a first outside diameter, and a fourth annular portion 
20 coupled to the third annular portion having a second outside diameter, wherein the second 
outside diameter is less than the first outside diameter, and a shoe having a valveable 
passage coupled to fourth annular portion of the expansion cone launcher. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes providing a lipped portion in a portion of the tubular 
25 member, and plastically deforming and radially expanding another portion of the tubular 
member. 

A method of coupling a first tubular member to a second tubular member has also 
been described that includes providing a lipped portion in a portion of the first tubular 
member, plastically deforming and radially expanding another portion of the first tubular 
30 member, positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expanding the second tubular member. The inside diameters of the 
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first and second tubular members after the plastic deformations and radial expansions are 
substantially equal. 

An apparatus for coupling a first tubular member to a second tubular member has 
also been described that includes means for providing a lipped in the first tubular member, 
means for plastically deforming and radially expanding another portion of the first tubular 
member, means for positioning the second tubular member inside the first tubular member 
in overlapping relation to the lipped portion of the first tubular member, and means for 
plastically deforming and radially expanding the second tubular member. The inside 
diameters of the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, means 
for providing a lipped portion in the tubular member, and means for plastically deforming 
and radially expanding another portion of the tubular member to a second outside 
diameter. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid passage 
fluidicly coupled to the first fluid passage and an outer conical surface, an annular 
expansion cone launcher including: a first annular portion coupled to a lower portion of 
the tubular member, a second annular portion coupled to the first annular portion that 
mates with the outer conical surface of the expansion cone, a third annular portion coupled 
to the second annular portion having a first outside diameter, and a fourth annular portion 
coupled to the third annular portion having a second outside diameter, wherein the second 
25 outside diameter is less than the first outside diameter, and a shoe having a valveable 
passage coupled to fourth annular portion of the expansion cone launcher. 

' * VJ - -v^s « wwjl/^c uosin S Ixi a wcU'uuic has msu been described ihai 

includes supporting a tubular member within the wellbore, providing a lipped portion in a 
portion of the tubular member, and plastically deforming and radially expanding another 
30 portion of the tubular member. In a preferred embodiment, the method further includes 
injecting a hardenable fluidic sealing material in an annulus between the tubular member 
and the wellbore. In a preferred embodiment, the method further includes curing the 
fluidic sealing material. 



20 
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A method of forming a mono-diameter wellbore casing within a wellbore has also 
been described that includes supporting a first tubular member within the wellbore, 
providing a lipped portion in a portion of the first tubular member, plastically deforming 
and radially expanding another portion of the first tubular member, positioning the second 
5 tubular member inside the first tubular member in overlapping relation to the lipped 

portion of the first tubular member, and plastically deforming and radially expanding the 
second tubular member. The inside diameters of the first and second tubular members 
after the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, the method further includes injecting a hardenable fluidic sealing material in 

10 an annulus between the first tubular member and the wellbore. In a preferred embodiment, 
the method further includes curing the fluidic sealing material. In a preferred embodiment, 
the method further includes injecting a hardenable fluidic sealing material in an annulus 
between the second tubular member and the wellbore. In a preferred embodiment, the 
method further includes curing the fluidic sealing material. 

1 5 An apparatus for forming a mono-diameter wellbore casing within a wellbore has 

also been described that includes means for providing a lipped in the first tubular member, 
means for plastically deforming and radially expanding another portion of the first tubular 
member, means for positioning the second tubular member inside the first tubular member 
in overlapping relation to the lipped portion of the first tubular member, and means for 

20 plastically deforrning and radially expanding the second tubular member. The inside 

diameters of the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. In a preferred embodiment, the apparatus further 
includes means for injecting a hardenable fluidic sealing material in an annulus between 
the first tubular member and the wellbore. In a preferred embodiment, the apparatus 

25 further includes means for curing the fluidic sealing material. In a preferred embodiment, 
the apparatus further includes means for injecting a hardenable fluidic sealing material in 
an annulus between the second tubular member and the wellbore. In a preferred 
embodiment, the apparatus further includes means for curing the fluidic sealing material. 
An apparatus for plastically deforming and radially expanding a tubular member 

30 has also been described that includes means for plastically deforming and radially 

expanding a first end of the tubular member, and means for plastically deforrning and 
radially expanding a second end of the tubular member. In a preferred embodiment, the 
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apparatus further includes means for anchoring the tubular member during the radial 
expansion. 

An apparatus for plastically deforrning and radially expanding a tubular member 
has also been described that includes a tubular support member including a first passage, 
an expansion cone coupled to the tubular support having a second passage fluidicly 
coupled to the first passage and an outer conical surface, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an expandable 
tubular member coupled to an end of the annular expansion cone launcher, a shoe coupled 
to another end of the annular expansion cone launcher having a valveable fluid passage, 
and another annular expansion cone movably coupled to the tubular support member. The 
annular expansion cones are positioned in opposite orientations. In a preferred 
embodiment, the annular expansion cone is adapted to plastically deform and radially 
expand a first end of the expandable tubular member and the other annular expansion cone 
is adapted to plastically deform and radially expand a second end of the expandable 
tubular member." In a preferred embodiment, the apparatus further includes an anchoring 
member coupled to the tubular support member adapted to hold the expandable tubular. 

A method of plastically deforming and radially expanding a tubular member has 
also been described that includes plastically deforming and radially expanding a first end 
of the tubular member, and plastically deforrning and radially expanding a second end of 
the tubular member. In a preferred embodiment, the method further includes anchoring 
the tubular member during the radial expansion. In a preferred embodiment, the first end 
of the tubular member is plastically deformed and radially expanded before the second 
end. In a preferred embodiment, plastically deforming and radially expanding the second 
end of the tubular member includes injecting a fluidic material into the tubular member. 

A method of coupling a first tubular member to a second tubular member has also 
been described that includes positioning the second tubular member inside the first tubular 

™~™K^t- i-n »-n A^wrlonninn T-Aloti^^ip ploc+^olly ^«fXrrv,;«rT on A ro^ollv nrncnAinr, 

end of the second tubular member that overlaps with the first tubular member, and 
plastically deforrning and radially expanding the remaining portion of the second tubular 
member. In a preferred embodiment, the method further includes plastically deforming 
and radially expanding at least a portion of the second tubular member. In a preferred 
embodiment, the inside diameters of the first and second tubular members are substantially 
equal after the radial expansions. 
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An apparatus for coupling a first tubular member to a second tubular member bas 
also beeu described mat includes means for positioning me second tabular member ins.de 
the first tubular member in an overlapping relationship, means for plastically deforming 
and radially expanding me end of me second tubular member that overlaps with tire first 
5 tabular member, and means for plastically deforming and radially expanding the remammg 
portion of the second tabular member. In a preferred embodiment, the apparatas former 
includes means for plastically deforming and radially expanding at least a portion of the 
second tabnlar member. In a preferred embodiment, the inside diameters of the first and 
second tubular members are substantially equal after the radial expansions. 
10 An apparatus for forming a wellbore casing within awellbore has also been 

described mat includes means for supporting a tubular member within the wellbore, means 
for plastically deforming and radially expanding a first end of the tubular member, and 
means for plastically deforming and radially expanding a second end of the tubular 
member In a preferred embodiment, the apparatas further includes means for anchormg 
15 the tabular member during the radial expansion. In a preferred embodiment, the apparatus 
further includes means for injecting a hardenable fiuidic sealing material into an annnlus 
between the tabular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes a tabular support member including a first passage, an expansion 
20 cone coupled to the tabular support having a second passage fluidicly coupled to the first 
passage and an outer conical surface, an annular expansion cone launcher movably 
coupled to outer conical surface of the expansion cone, an expandable tabular member 
coupled to an end of the annular expansion cone launcher, a shoe coupled to another end 
of the annular expansion cone launcher having a valveable fluid passage, and another 
25 aonularexpansionconemovablycoupledtoftetubularsupporttaember. The annular 
expansion cones are positioned in opposite orientations. In a preferred embodiment, the 
annular expansion cone is adapted to plastically deform and radially expand a first end of 
the expandable tubular member and the other annular expansion cone is adapted to 
p,astically deform and radially expand a second end of the expandable tabular member. In 
30 a preferred embodiment, the apparatas former includes an anchoring member coupled to 
the tabular support member adapted to hold the expandable tubular. 

A method of forming a wellbore casing within a wellbore has also been described 
that includes plastically deforming and radially expanding a first end of the tubular 
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the wellbore. In a preferred embodiment, the apparatus further includes means for 
injecting a hardenable fluidic sealing material into an annulus between the second tubular 
member and the wellbore. 

An apparatus for bridging an axial gap between opposing pairs of wellbore casing 
5 within a wellbore has also been described that includes means for supporting a tubular 
member in overlapping relation to the opposing ends of the wellbore casings, means for 
plastically deforming and radially expanding the tubular member, and means for plastically 
deforming and radially expanding the tubular member and the opposing ends of the 
wellbore casings. 

10 A method of bridging an axial gap between opposing pairs of wellbore casing 

within a wellbore has also been described that includes supporting a tubular member in 
overlapping relation to the opposing ends of the wellbore casings, plastically deforming 
and radially expanding the tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing ends of 

15 the wellbore casings. 

A method of forming a structure having desired strength characteristics has also 
been described that includes providing a first tubular member, and plastically deforming 
and radially expanding additional tubular members onto the interior surface of the first 
tubular member until the desired strength characteristics are achieved. 
20 A method of forming a wellbore casing within a wellbore having desired strength 

characteristics has also been described that includes plastically deforming and radially 
expanding a first tubular member within the wellbore, and plastically deforming and 
radially expanding additional tubular members onto the interior surface of the first tubular 
member until the desired strength characteristics are achieved. 
25 A method of coupling a first tubular member to a second tubular member, the first 

tubular member having an original outside diameter OD 0 and an original wall thickness to, 
has also been described that includes plastically deforming and radially expanding a first 
portion of the first tubular member to a first outside diameter, plastically deforming and 
radially expanding another portion of the first tubular member to a second outside 
30 diameter, positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member, plastically defonning 
and radially expanding the second tubular member to a third outside diameter, and 
plastically deforming and radially expanding the second tubular member to a fourth 
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outside diameter, whetcin toe ^ Qf fte fe( ^ ^ ^ 

after me plastic deformations and radial expansions are substantially equal and 
wherein the ratio of the origina! outside diameter OD 0 of the first tubular member to the 
ongmal wall thickness U of the first tubular member is g^terthan or equal to ,6 

^"^"^amono-dfameterweUboreeasmghasalsobeendesoribed 
^tmoludespositiomngafirst tubular member within a weHbore, the first tubular member 
havmg an origina. outside diameter OD 0 and an original wall thickness V plastically 
^^^^yexpandingafi^porfionofthefi^ tubular member toaast 

ms.de me first tubular member in overlapping relation to the first portion of the first 

tiaWarnaembertoafourmoutsideaameter. I* inside diameters of the first and second 
15 tubular members after the plastic delations and radia, expansions are substimtiaUy 
enual and wherein the ratio of the original outeide diameter OD 0 of the first tubular 
^ to ^«-U«hic ta ess^fti 1 efi^ tabularm ^ is ^ totoor ^ 

^^^^alsobeendescribedthatincludesapiastical.ydeformedand 

first tubular member is greater than or equal to 1 6. 

25 „• n ^ aPP " tete ^ bKndeSCribedtha, ^ te ^J-tical,ydefonnedand 
25 ^expandedfirsttubular.e^berha^gato^^,^^^ 

diameter and a reaming portion having a second outside diameter, and a plastically 

firs. Pabular member. Theratio of the original outside diameter OD, of the firs, tubmar 

to 1 6. La a prefaced embodiment, to inside diameters of the first and second tubular 
members are substantially equal. 

^^--EfotmedinaweUborehasalsobeendescribedmatincludesa 
Plastically deformed and radiaUy expanded first tubular member havingafirs, portion 



to 16. 
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having a first outside diameter and a remaining portion navmg a second outside diameter, 
and a plastically deformed and radially expanded second tubular member coupled to the 
first portion of the first tubular member. The ratio of the original outside diameter OD 0 of 
the first tubular member to the original wall thickness ^ of the first tubular member is 
5 greater than or equal to 16. In a preferred embodiment, the inside diameters of the first 
and second tubular members are substantially equal. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member. In a preferred embodiment, the ratio of the original 
outside diameter OD 0 of the tubular member to the original wall thickness Xq of the tubular 
1 0 member is greater than or equal to 1 6. 

In several alternative embodiments, the methods and apparatus described and 
referenced above may be used to form or repair wellbore casings, pipelines, and structural 
supports. 

Although this detailed description has shown and described illustrative 
1 5 embodiments of the invention, this description contemplates a wide range of 

modifications, changes, and substitutions. In some instances, one may employ some 
features of the present invention without a corresponding use of the other features. 
Accordingly, it is appropriate that readers should construe the appended claims broadly, 
and in a manner consistent with the scope of the invention. 
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Claims 

What is claimed is: 

11. An apparatus for plastically deforming and radially expanding a tubular member, 
2 comprising: 

means for plastically deforming and radially expanding a first portion of the tubular 
4 member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
6 tubular member to a second outside diameter. 



3 



5 



1 2. The apparatus of claim 1, wherein the first outside diameter is greater than the 

2 second outside diameter. 

1 3. The apparatus of claim 1, wherein the means for plastically deforrning and radially 

2 expanding the first portion of the tubular member to the first outside diameter is 

3 removable. 

1 4. The apparatus of claim 1, wherein the means for plastically deforming and radially 



2 



expanding the first portion of the tubular member to the first outside diameter is frangible. 



1 5. The apparatus of claim 1. wherein the means for plastically deforming and radially 

2 expanding the first portion of the tubular member to the first outside diameter is elastic. 

1 6. The apparatus of claim 1, wherein the means for plastically deforming and radially 

2 expanding the first portion of the tubular member to the first outside diameter comprises 

3 means for applying a radial force to the first portion of the tubular member. 

2 expanding the first portion of the tubular member to the first outside diameter is inflatable. 



1 8. The apparatus of claim 1, wherein the means for plastically deforming and radially 

expanding the first portion of the tubular member to the first outside diameter includes 
3 rolling means for applying radial pressure to the first portion of the tubular member. 



2 
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19. An apparatus for plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 a tubular support member including a first fluid passage; 

4 an expansion cone coupled to the tubular support member having a second fluid 

5 passage fluidicly coupled to the first fluid passage and an outer conical 

6 surface; 

7 a removable annular conical sleeve coupled to the outer conical surface of the 

8 expansion cone; 

9 an annular expansion cone launcher coupled to the conical sleeve and a lower 

10 portion of the tubular member; and 

11 a shoe having a valveable passage coupled to an end of the expansion cone 

12 launcher. 

1 1 0. The apparatus of claim 9, wherein the conical sleeve is frangible. 

1 11. The apparatus of claim 9, wherein the conical sleeve is elastic. 

1 12. The apparatus of claim 9, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 13. A method of plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 plastically deforming and radially expanding a portion of the tubular member to a 

4 first outside diameter; and 

5 plastically defo rmin g and radially expanding another portion of the tubular member 

6 to a second outside diameter. 

1 14. The method of claim 13, wherein the first diameter is greater than the second 

2 diameter. 

1 15. The method of claim 1 3, wherein plastically deforming and radially expanding the 

2 portion of the tubular member comprises : 

3 applying a radial force to the portion of the tubular member using a conical sleeve. 
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1 6. The method of claim 1 5, wherein the conical sleeve is frangible. 

1 7. The method of claim 1 5, wherein the conical sleeve is elastic. 

18. The method of claim 15, wherein the conical sleeve comprises a plurality of 
arcuate elements. 



19. The method of claim 13, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

20. The method of claim 13, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

21. A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 

plastically deforming and radially expanding the second tubular member to a third 

outside diameter; and 
plastically deforming and radially expanding the second tubular member to a fourth 

outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 
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1 22. The method of claim 21 , wherein the first outside diameter is greater 1han the 

2 second outside diameter. 

1 23. The method of claim 21, wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member comprises: 

3 applying a radial force to the portion of the tubular member using a conical sleeve. 
1 24. The method of claim 23, wherein the conical sleeve is frangible. 

125. The method of claim 23 , wherein the conical sleeve is elastic. 

1 26. The method of claim 23, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 27. The method of claim 21, wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member comprises: 

3 applying a radial force to the first portion of the first tubular member using an 

4 inflatable bladder. 

1 28. The method of claim 21. wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member comprises: 

3 applying a radial force to the first portion of the first tubular member using a roller 

4 expansion device. 

1 29. An apparatus for coupling a first tubular member to a second tubular member, 

2 comprising: 

means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter; 
means for plastically deforming and radially expanding another portion of the first 

tubular member to a second outside diameter; 
means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; " 
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to a third outside diameter; and 

meansforplastioaUydefonningandradialtyexpanding^^^^ 

to a fourth outside diameter; 
where* the mside diameters of the firs, and secoad tubular members after the 
plastic defonnations and radial expansions are substantially equal. 

2 second outside diameter. 

1 3h ^W-tusofo^a^wheretauremeansforpIastioaUydefonningand 

2 really expanding the firs, portion of the first tubular member comprises- 

3 ^^-PP'^aradialforcetofteportionofthetubulartnetnberusiaga 

4 conical sleeve. 

1 32. TheapparatusofclaimSl.whereinftecomcalsleeveisfi^gible. 
1 33. ne apparatus ofclahn 31, wherein the corneal sleeve is elastic. 

1 34. ^apparatusofclai m 31,whereintheeonic a l sl eeveco m prisesap 1 uraUtyof 

2 arcuate elements. v 



1 35. ^ap P ara to ofclai m 29,whereinti>e m eansforp,astical.ydefonningand 

2 ^yexpandmgthefirstportionofthefirsttubularmembercomprises- 

3 means for applying a radial force to the first portion of the first 



tubular member 
using an inflatable bladder. 



1 36. ^apparatusofcIaim29,wheremmemea m forplasticaUydeforming 

2 ^yexpandingmefirstportionofmefirsttubularmembercomprises: 



means for app^g . ^ w to fte ^ portion rf ^ ^ ^ 
using a rolJer expansion device. 
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1 37. An apparatus for forming a wellbore casing within a wellbore, comprising: 

2 means for supporting a tubular member within the wellbore; 

3 means for plastically deforming and radially expanding a first portion of the tubular 

4 member to a first outside diameter, and 

5 means for plastically deforming and radially expanding a second portion of the 

6 tubular member to a second outside diameter. 

1 38. The apparatus of claim 37, wherein the first outside diameter is greater than the 

2 second outside diameter. 

1 39. The apparatus of claim 37, wherein the means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter is 

3 removable. 

1 40. The apparatus of claim 37, wherein the means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter is 

3 frangible. 

1 41 . The apparatus of claim 37, wherein the means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter is 

3 elastic. 

1 42. The apparatus of claim 37, wherein the means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter 

3 comprises means for applying a radial force to the first portion of the tubular member. 

1 43. The apparatus of claim 37, wherein the means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter is 

3 inflatable. 

1 44. The apparatus of claim 37, wherein the means for plastically deforming and 

2 radially expanding the first portion of the tubular member to the first outside diameter 
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3 comprises rolling means for applying radial pressure to the firs, portion of tire tubular 

4 member. 

1 45. The apparatus of claim 37, further comprising: 

2 means for forming an annular body of a fluidic sealing material within an annulus 
! between the tubular member and the wellborn. 



1 46. An apparatus for forming a wellborn casing within a wellbore, comprising: 

2 a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second fluid 
* passage fluidicly coupled to the first fluid passage and an outer conical 

5 surface; 

« a removable annular conical sleeve coupled to the outer conical surface of tire 

7 expansion cone; 

* an annular expansion cone launcher coupled to the conical sleeve and a lower 

portion of the tubular member; and 
a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 



47. The apparatus of claim 46, wherein the conical sleeve is frangible. 

48. The apparatus of claim 46, wherein the conical sleeve is elastic. 

49. The apparatus of claim 46, wherein the conical sleeve comprises a plurality of 
arcuate elements. 



supporting a tubular member within a wellbore; 
plastically deforming and radially expanding a portion of me ^bular member to a 

Srst outside diameter; and 
plastically deforming and radially expanding another portion of the tubular member 

to a second outside diameter. 
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1 51. The method of claim 50, wherein the first diameter is greater than the second 

2 diameter. 

1 52/ The method of claim 50, wherein plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 applying a radial force to the portion of the tubular member using a conical sleeve. 
153. The method of claim 50, wherein the conical sleeve is frangible. 

1 54. The method of claim 50, wherein the conical sleeve is elastic. 

1 55. The method of claim 50, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 56. The method of claim 50, wherein plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 applying a radial force to the portion of the tubular member using an inflatable 

4 bladder. 

1 57. The method of claim 50, wherein plastically deforming and radially expanding the 

2 portion of the tubular member comprises: 

3 applying a radial force to the portion of the tubular member using a roller 

4 expansion device. 

1 58. The method of claim 50, further comprising: 

2 injecting an annular body of a hardenable ftoidic sealing material into an annulus 

3 between the tubular member and the wellbore. 

1 59. The method of claim 58, further comprising: 

2 curing the annular body of hardenable fluidic sealing material. 

1 60. A method of forming a mononttam^ 

2 comprising: 
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supporting a first tubular member within the wellbore; 

Plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
Plastically deforming and radially expanding anotter portion of the first tubular 

member to a second outside diameter, 
positioning the second tubular member inside the first tnbnjar member in 

overlapping relation to the first portion of the fit,, tubular member 
Plastically deforming and radially expanding me second mbular member toathird 
outside diameter; and 

Plasticauydefottnmgandradiafiyexpandmgthesecondmbmarmembertoafourth 
outside diameter; 

herein the inside diameter, of the firs, and second tubular members after the 
plasuc deformations and radial expansions are substantially equal. 

1 61. ^-modofclaim60,whereinmefirstoutsidediameterisgreater«hanme 

2 second outside diameter. 

2 toporttonofmefirsttubularmembercomprises: 

app,ying a tadia, force to the portion of the tubular member using a conical sieeve. 

1 63. The method of claim 62, wherein the conical sleeve is frangible. 

I 64. The method of claim 62, wherein the conical sleeve is elastic. 

' !L ^^^^^'^^^^ecomprisesaplumU^of 



3 
4 
5 
6 
7 
8 
9 

10 

11 

12 



15 



3 



2 1 "° d0fCl ^ 60 ^^ 
2 first portion of the first tubular member comprises: 



3 

c „ Wi ^ [UDmar member ^ 

4 inflatable bladder. 



applying amdial feme to me firs, portion of the first tubular memberv 
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1 67. The method of claim 60, wherein plastically deforming and radially expanding the 

2 first portion of the first tubular member comprises: 

3 applying a radial force to the first portion of the first tubular member using a roller 

4 expansion device. 

1 68. The method of claim 60, further comprising: 

2 injecting an annular body of a hardenable fluidic sealing material into an annulus 

3 between the first tubular member and the wellbore. 

1 69. The method of claim 68, further comprising: 

2 curing the annular body of hardenable fluidic sealing material. 

3 70. The method of claim 60, further comprising: 

4 injecting an annular body of a hardenable fluidic sealing material into an annulus 

5 between the second tubular member and the wellbore. 

1 71. The method of claim 70, further comprising: 

2 curing the annular body of hardenable fluidic sealing material. 

1 72. An apparatus for coupling a first tubular member to a second tubular member, 

2 comprising: 

3 means for plastically deforming and radially expanding a first portion of the first 

4 tubular member to a first outside diameter; 

5 means for plastically deforming and radially expanding another portion of the first 

6 tubular member to a second outside diameter; 

7 means for positioning the second tubular member inside the first tubular member in 

8 overlapping relation to the first portion of the first tubular member; 

9 means for plastically deforming and radially expanding the second tubular member 

10 to a third outside diameter; and 

1 1 means for plastically deforming and radially expanding the second tubular member 

12 to a fourth outside diameter; 

13 wherein the inside diameters of the first and second tubular members after the 
u plastic deformations and radial expansions are substantially equal. 
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1 73. The apparatus of claim 72, wherein the first outside diameter is greater than the 

2 second outside diameter. 

1 74. The apparatus of claim 72, wherein the means for plasticaUy deforming and 

2 radially expanding the first portion of the first tubular member comprises: 

3 means for applying a radial force to the portion of the tubular member using a 

4 conical sleeve. 



1 75. The apparatus of claim 74, wherein the conical sleeve is frangible. 

1 76. The apparatus of claim 74, wherein the conical sleeve is elastic. 

1 77. The apparatus of claim 74, wherein the conical sleeve comprises a plurality of 

2 arcuate elements. 

1 78. The apparatus of cla^ 

2 radially expanding the first portion of the first tubular member comprises: 

3 means for applying a radial force to the first portion of the first tubular member 

4 using an inflatable bladder. 



1 79. The apparatus ofclaim 72, wherein the means for plastically deforming and 

2 radially expanding the first portion of the first tubular member comprises: 

3 means for applying a radial force to the first portion of the first tubular member 

4 using a roller expansion device. 



81. 



2 



means for injecting an annular body of a hardenable fluidic sealing material i 
annulus between the first tubular member and the wellbore. 

The apparatus of claim 80, further comprising: 

s for curing the annular body of hardenable fluidic sealing material. 
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3 82. The apparatus of claim 72, further comprising: 

4 means for injecting an annular body of a hardenable fluidic sealing material into an 

5 annulus between the second tubular member and the wellbore. 

1 83. The apparatus of claim 82, further comprising: 

2 means for curing the annular body of hardenable fluidic sealing material. 
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1 84. An apparatus for plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 means for providing a lipped portion in a portion of the tubular member; and 

4 means for plastically deforming and radially expanding another portion of the 

5 tubular member. 

1 85. An apparatus for plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 a tubular support member including a first fluid passage; 

4 an expansion cone coupled to the tubular support member having a second fluid 

5 passage fluidicly coupled to the first fluid passage and an outer conical 

6 surface; 

7 an annular expansion cone launcher comprising: 

8 a first annular portion coupled to a lower portion of the tubular member; 

9 a second annular portion coupled to the first annular portion that mates with 
1 0 the outer conical surface of the expansion cone; 

a third annular portion coupled to the second annular portion having a first 

12 outside diameter; and 

1 3 a fourt n annular portion coupled to the third annular portion having a 

14 second outside diameter; 

1 5 wherein the second outside diameter is less than the first outside diameter; 

16 and 

1 7 a shoe having a valveable passage coupled to fourth annular portion of the 

1 8 expansion cone launcher. 

1 86. A memod of plasticaUy deforming and radially expanding a tubular member, 



11 



3 providing a lipped portion in a portion of the tubular member, and 

4 plastically deforming and radially expanding another portion of the tubular 

5 member. 

187. A method of coupling a first tubular member to a second tubular member, 
2 comprising: 
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3 providing a lipped portion in a portion of the first tubular member, 

4 plastically deforming and radially expanding another portion of the first tubular 

5 member; 

6 positioning the second tubular member inside the first tubular member in 

7 overlapping relation to the lipped portion of the first tubular member, and 

8 plastically deforming and radially expanding the second tubular member; 

9 wherein the inside diameters of the first and second tubular members after the 

1 0 plastic deformations and radial expansions are substantially equal. 



188. An apparatus for coupling a first tubular member to a second tubular member, 

2 comprising: 

3 means for providing a lipped in the first tubular member; 

4 means for plastically deforming and radially expanding another portion of the first 

5 tubular member; 

6 means for positioning the second tubular member inside the first tubular member in 

7 overlapping relation to the lipped portion of the first tubular member; and 

8 means for plastically deforming and radially expanding the second tubular 

9 member; 

10 wherein the inside diameters of the first and second tubular members after the 

j ! plastic deformations and radial expansions are substantially equal. 

1 89. An apparatus for forming a weUbore casmg within a wellbore, comprising: 

2 means for supporting a tubular member within the wellbore; 

3 means for providing a lipped portion in the tubular member; and 

4 means for plastically deforming and radially expanding another portion of the 

5 tubular member to a second outside diameter. 

6 90. An apparatus for forming a wellbore casmg within a wellbore, comprising: 

7 a tubular support member including a first fluid passage; 

8 an expansion cone coupled to the tubular support member having a second fluid 

9 passage fluidicly coupled to the first fluid passage and an outer conical 

10 surface; 

1 1 an annular expansion cone launcher comprising: 

-73- 



JNSDOC1D: <WO__02053867A2J_» 



WO 02/053867 

PCT/US02/00093 



1 91. 

2 



1 94. 



a first annular portion coupled to a lower portion of the tubular member; 
a second annular portion coupled to the first annular portion that mates with 

the outer conical surface of the expansion cone; 
a third annular portion coupled to the second annular portion having a first 

16 outside diameter; and 

1 7 a fourth annular portion coupled to the third annular portion having a 

1 8 second outside diameter; 
wherein the second outside diameter is less than the first outside diameter; 



and 



19 

20 

2 1 a shoe having a valveable passage coupled to fourth annular portion of the 

22 expansion cone launcher. 



A method of forming a wellbore casing in a wellbore, comprising: 
supporting a tubular member within the wellbore; 
providing a lipped portion in a portion of the tubular member; and 
plastically deforming and radially expanding another portion If the tubular 



3 
4 

5 member. 



1 92. The method of claim 91, further comprising: 

2 injecting a hardenable fluidic sealing material in an annulus between the tubular 

3 member and the wellbore. 

1 93. The method of claim 92, further comprising: 

2 curing the fluidic sealing material. 



A melhod of forming a mono-diameter wellbore casing within a wellbore, 



3 supporting a first tubular member within the wellbore; 

4 providing a lipped portion in a portion of the first tubular member; 

5 plastically deforming and radially expanding another portion of the first tubular 

6 member; 

7 positioning the second tubular member inside the first tubular member in 

8 overlapping relation to the lipped portion of the first tubular member; and 
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plastically deforming and radially expanding the second tubular member; 
wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

95 . The method of claim 94, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the first 
tubular member and the wellbore. 

1 96. The method of claim 95, further comprising: 

2 curing the fluidic sealing material. 

3 97 . The method of claim 94, further comprising: 

4 injecting a hardenable fluidic sealing material in an annulus between the second 

5 tubular member and the wellbore. 



1 98. The method of claim 97, further comprising: 

2 curing the fluidic sealing material. 

1 99. An apparatus for forming a mono-diameter wellbore casing within a wellbore, 

2 comprising: 

3 means for providing a lipped in the first tubular member; 

4 means for plastically deforming and radially expanding another portion of the first 

5 tubular member; 

6 means for positioning the second tubular member inside the first tubular member in 

7 overlapping relation to the lipped portion of the first tubular member; and 

8 means for plastically deforming and radially expanding the second tubular 

9 member; 

10 wherein the inside diameters of the first and second tubular members after the 



11 



plastic deformations and radial expansions are substantially equal. 



1 1 00. The apparatus of claim 99, further comprising: 

2 means for injecting a hardenable fluidic sealing material in an annulus between the 

3 first tubular member and the wellbore. 
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The apparatus of claim 100, further comprising: 
means for curing the fluidic sealing material. 

The apparatus of claim 99, further comprising: 

means for inj ecting a hardenable fluidic sealing material in an annulus between the 
second tubular member and the wellbore. 

The apparatus of claim 102, further comprising: 
means for curing the fluidic sealing material. 



1 103. 

2 
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1 104. An apparatus for plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 means for plastically deforming and radially expanding a first end of the tubular 

4 member; and 

5 means for plastically deforming and radially expanding a second end of the tubular 

6 member. 

1 1 05 . The apparatus of claim 1 04, further comprising: 

2 means for anchoring the tubular member during the radial expansion. 

1 106. An apparatus for plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 a tubular support member including a first passage; 

4 an expansion cone coupled to the tubular support having a second passage fluidicly 

5 coupled to the first passage and an outer conical surface; 

6 an annular expansion cone launcher movably coupled to outer conical surface of 

7 the expansion cone; 

8 an expandable tubular member coupled to an end of the annular expansion cone 

9 launcher; 

I o a shoe coupled to another end of the annular expansion cone launcher having a 

I I valveable fluid passage; and 

1 2 another annular expansion cone movably coupled to the tubular support member; 

13 wherein the annular expansion cones are positioned in opposite orientations. 

1 1 07. The apparatus of claim 1 06, wherein the annular expansion cone is adapted to 

2 plastically deform and radially expand a first end of the expandable tubular member and 

3 the other annular expansion cone is adapted to plastically deform and radially expand a 

4 second end of the expandable tubular member. 

1 108. The apparatus of claim 1 06, further comprising: 

2 an anchoring member coupled to the tubular support member adapted to hold the 

3 expandable tubular. 
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1 109. A method of plastically deforming and radially expanding a tubular member, 

2 comprising: 

3 plastically deforming and radially expanding a first end of me tubular member; and 
plastically deforming and radially expanding a second end of the tubular member. 



1 HO. The method of claim 109, further comprising: 

2 anchoring the tubular member during the radial 



expansion. 



1 111. The method of claim 109, wherein the first end of the tubular member is plastically 

2 deformed and radially expanded before the second end. 



2 



112. Tire method of claim 1 09, plastically deforming and radially expanding the second 
end of the tubular member comprises injecting a fluidic material into the tubular member. 



113. A method of coupling a first tubular member to a second tubular member, 
2 comprising: 

positioning the second tubular member inside the firs, tubular member in an 

overlapping relationship; 
plastically deforming and radially expanding the end of the second tubular member 

that overlaps with the first tubular member; 
plastically defonmng and mmaUy exp^ 
8 tubular member. 



114. 



The method of claim 113, further comprising: 
plasticaUydeformmgan^^^ 
3 member. 



2 



1 115. ^^thodofclaimlM.wfiemmmeinsidediametersofmefirstandsecond 

2 tubular members are substantially equal after the radial expansions. 

1 116. Anappammsforcouplmgafirsttubularmembertoasecondtubularmember 

2 comprising: 
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3 means for positioning the second tubular member inside the first tubular member in 

4 an overlapping relationship; 

5 means for plastically deforming and radially expanding the end of the second 

6 tubular member that overlaps with the first tubular member; 

7 means for plastically deforming and radially expanding the remaining portion of 

8 the second tubular member. 

1 117. The apparatus of claim 1 1 6, further comprising: 

2 means for plastically deforming and radially expanding at least a portion of the 

3 second tubular member. 

1 .118. The apparatus of claim 1 1 7, wherein the inside diameters of the first and second 

2 tubular members are substantially equal after the radial expansions. 

1 119. An apparatus for forming a wellbore casing within a wellbore, comprising: 

2 means for supporting a tubular member within the wellbore; 

3 means for plastically deforming and radially expanding a first end of the tubular 

4 member; and 

5 means for plastically deforming and radially expanding a second end of the tubular 

6 member. 

1 120. The apparatus of claim 119, further comprising: 

2 means for anchoring the tubular member during the radial expansion. 

1 121. The apparatus of claim 1 1 9, further comprising: 

2 means for injecting a hardenable fluidic sealing material into an annulus between 

3 the tubular member and the wellbore. 

1 122. An apparatus for forming a wellbore casing within a wellbore, comprising: 

2 a tubular support member including a first passage; 

3 an expansion cone coupled to the tubular support having a second passage fluidicly 

4 coupled to the first passage and an outer conical surface; 
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5 an annular expansion cone launcher movably coupled to outer conical surface of 

6 the expansion cone; 

7 an expandable tubular member coupled to an end of the annular expansion cone 

8 launcher; 
a shoe coupled to another end of the annular expansion cone launcher having a 



9 



1 0 valveable fluid passage; and 

* 1 another annular expansion cone movj 

12 wherein the annular expansion cones are positioned in opposite orientations. 



1 1 another annular expansion cone movably coupled to the tubular support member; 



1 123. The apparatus of claim 122, wherein the annular expansion cone is adapted to 

2 plastically deform and radially expand a first end of the expandable tubular member and 

3 the other annular expansion cone is adapted to plastically deform and radially expand a 

4 second end of the expandable tubular member. 

1 124. The apparatus of claim 1 22, further comprising: 

2 an anchoring member coupled to the tubular support member adapted to hold the 

3 expandable tubular. 

1 125. A method of forming a wellbore casing within a wellbore, comprising: 

2 plastically deforrning and radially expanding a first end of the tubular member; and 

3 plastically deforming and radially expanding a second end of the tubular member. 

1 126. The method of claim 1 25, further comprising: 

2 anchoring the tubular member during the radial expansion. 

1 127. The method of claim 125, wherein the first end of the tubular member is plastically 

1 Ap-fnrm^A ar>A radially PYiumripH K^fXrA tKo o*r* nrt A an A 

1 128. The method of claim 125, plastically deforming and radially expanding the second 

2 end of the tubular member comprises injecting a fluidic material into the tubular member. 

1 129. The method of claim 1 25, further comprising: 
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2 injecting a hardenable fluidic sealing material into an annulus between the tubular 

3 member and the wellbore. 

1 130. A method of forming a wellbore casing within a wellbore, comprising: 

2 plastically deforming and radially expanding a first tubular member within the 

3 wellbore; 

4 positioning a second tubular member inside the first tubular member in an 

5 overlapping relationship; 

6 plastically deforming and radially expanding the end of the second tubular member 

7 that overlaps with the first tubular member; 

8 plastically deforming and radially expanding the remaining portion of the second 

9 tubular member. 

1 131. The method of claim 130, further comprising: 

2 plastically deforming and radially expanding at least a portion of the second tubular 

3 member. 

1 132. The method of claim 131, wherein the inside diameters of the first and second 



2 tubular members are substantially equal after the radial expansions. 



1 133. The method of claim 130, further comprising: 

2 injecting a hardenable fluidic sealing material into an annulus between the first 

3 tubular member and the wellbore. 

1 134. The method of claim 130, further comprising: 

2 injecting a hardenable fluidic sealing material into an annulus between the second 

3 tubular member and the wellbore. 

1 135. An apparatus for forming a wellbore casing within a wellbore, comprising: 

2 means for plastically deforming and radially expanding a first tubular member 

3 within the wellbore; 
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4 means for positioning the second tubular member inside the first tubular member i 

5 an overlapping relationship; 

6 means for plastically deforming and radially expanding the end of the second 

7 tubular member that overlaps with the first tubular member; 

8 means for plastically deforming and radially expanding the remaining portion of 

9 the second tubular member. 

1 136. The apparatus of claim 135, further comprising: 

2 means for plastically deforming and radially expanding at least a portion of the 

3 second tubular member. 

1 137. The apparatus of claim 136, wherein the inside diameters of the first and second 

2 tubular members are substantially equal after the radial expansions. 



1 138. The apparatus of claim 135, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus between 
the first tubular member and the wellbore. 

139. The apparatus of claim 135, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus between 
the second tubular member and the wellbore. 
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1 140. An apparatus for bridging an axial gap between opposing pairs of wellbore casing 

2 within a wellbore, comprising: 

3 means for supporting a tubular member in overlapping relation to the opposing 

4 ends of the wellbore casings; 

5 means for plastically deforming and radially expanding the tubular member; and 

6 means for plastically deforrriing and radially expanding the tubular member and the 

7 opposing ends of the wellbore casings. 

1 141. A method of bridging an axial gap between opposing pairs of wellbore casing 

2 within a wellbore, comprising: 

3 supporting a tubular member in overlapping relation to the opposing ends of the 

4 wellbore casings; 

5 ■ plastically deforming and radially expanding the tubular member; and 

6 plastically deforming and radially expanding the tubular member and the opposing 

7 ends of the wellbore casings. 




WO 02/053867 PCIYUS02/00093 

1 142. A method of forming a structure having desired strength characteristics, 

2 comprising: 

3 providing a first tubular member; and 

4 plastically deforming and radially expanding additional tubular members onto the 

5 interior surface of the first tubular member until the desired strength 

6 characteristics are achieved. 

1 143 . A method of forming a wellbore casing within a wellbore having desired strength 

2 characteristics, comprising: 

3 plastically deforming and radially expanding a first tubular member within the 

4 wellbore; and 

5 plastically deforming and radially expanding additional tubular members onto the 

6 interior surface of the first tubular member until the desired strength 

7 characteristics are achieved. 
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1 144. A method of coupling a first tubular member to a second tubular member, the first 

2 tubular member having an original outside diameter OD 0 and an original wall thickness to, 
•3 comprising: 

4 plastically deforming and radially expanding a first portion of the first tubular 

5 member to a first outside diameter; 

6 plastically deforming and radially expanding another portion of the first tubular 

7 member to a second outside diameter; 

8 positioning the second tubular member inside the first tubular member in 

9 overlapping relation to the first portion of the first tubular member; 

1 0 plastically deforming and radially expanding the second tubular member to a third 

1 1 outside diameter; and 

1 2 plastically deforming and radially expanding the second tubular member to a fourth 

13 outside diameter; 

14 wherein the inside diameters of the first and second tubular members after the 

15 plastic deformations and radial expansions are substantially equal; and 

1 6 wherein the ratio of the original outside diameter OD 0 of the first tubular member 

17 to the original wall thickness to of the first tubular member is greater than or 

18 equal to 16. 

1 145. A method of forming a mono-diameter wellbore casing, comprising: 

2 positioning a first tubular member within a wellbore, the first tubular member 

3 having an original outside diameter OD 0 and an original wall thickness to; 

4 plastically deforming and radially expanding a first portion of the first tubular 

5 member to a first outside diameter; 

6 plastically deforming and radially expanding another portion of the first tubular 

7 member to a second outside diameter; 

8 positioning the second tubular member inside the first tubular member in 

9 overlapping relation to the first portion of the first tubular member; 

1 0 plastically deforming and radially expanding the second tubular member to a third 

1 1 outside diameter; and 

1 2 plastically deforming and radially expanding the second tubular member to a fourth 

1 3 outsi de diameter; 
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1 4 wherein the inside diameters of the first and second tubular members after the 

15 plastic deformations and radial expansions are substantially equal; and 

1 6 wherein the ratio of the original outside diameter OD 0 of the first tubular member 

17 t0 toe original wall thickness % of the first tubular member is greater than or 

18 equal to 16. 

1 146. An apparatus, comprising: 

2 a plastically deformed and radially expanded tubular member having a first portion 

3 having a first outside diameter and a remaining portion having a second 

4 outside diameter; 

5 wherein the ratio of the original outside diameter OD 0 of the first tubular member 

6 to the original wall thickness % of the first tubular member is greater than or 

7 equal to 16. 

1 147. An apparatus, comprising: 

2 a plastically deformed and radially expanded first tubular member having a first 

3 portion having a first outside diameter and a remaining portion having a 

4 second outside diameter; and 

5 a plastically deformed and radially expanded second tubular member coupled to 

6 the first portion of the first tubular member; 

7 wherein the ratio of the original outside diameter OD 0 of the first tubular member 

8 to the original wall thickness t„ of the first tubular member is greater than or 

9 equal to 16. 

1 148. The apparatus of claim 147, wherein the inside diameters of the first and second 

2 tubular members are substantially equal. 

1 1 49. A wellbore casing formed in a wellbore, comprising: 

2 a plastically deformed and radially expanded first tubular member having a first 

3 portion having a first outside diameter and a remaining portion having a 

4 second outside diameter; and 

5 a plastically deformed and radially expanded second tubular member coupled to 

6 the first portion of the first tubular member; 
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7 wherein the ratio of the original outside diameter OD 0 of the first tubular member 

8 to the original wall thickness ^ of the first tubular member is greater than or 

9 equal to 16. 

1 1 50. The casing of claim 1 49, wherein the inside diameters of the first and second 

2 tubular members are substantially equal. 

1 151. An apparatus, comprising: 

2 a plastically deformed and radially expanded tubular member; 

3 wherein the ratio of the original outside diameter OD 0 of the tubular member to the 

4 original wall thickness t 0 of the tubular member is greater than or equal to 

5 16. 
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9. An apparatus for plastically deforming and radially expanding a tubular member, 

comprising: 

a tubular support member including a first fluid passage; 

an expansion member comprising an external surface for plastically deforming and 
radially expanding the tubular member coupled to the tubular support 
member having a second fluid passage fluidicly coupled to the first fluid 



a removable annular sleeve comprising an external surface for plastically 

deforming and radially expanding the tubular member coupled to the 

external surface of the expansion member; 
an annular expansion member launcher coupled to the annular sleeve and a lower 

portion of the tubular member; and 
a shoe having a valveable passage coupled to an end of the expansion member 

launcher. 

10. (Amended) The apparatus of claim 9, wherein the annular sleeve is frangible. 

1 1 . (Amended) The apparatus of claim 9, wherein the annular sleeve is elastic. 

12. (Amended) The apparatus of claim 9, wherein the annular sleeve comprises a plurality 
of arcuate elements. 

13. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a portion of the tubular member to a 

first outside diameter; and 
plastically deforming and radially expanding another portion of the tubular member 

to a second outside diameter. 

1 4. The method of claim 1 3 , wherein the first diameter is greater than the second 
diameter. 
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15. The method of claim 13, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical sleeve. 
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1 6. The method of claim 15, wherein the conical sleeve is frangible. 

1 7. The method of claim 1 5, wherein the conical sleeve is elastic. 

18. The method of claim 1 5, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

1 9. The method of claim 13, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

20. The method of claim 1 3 , wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

21 . (Amended) A method of coupling a first tubular member to a second tubular member, 
comprising: 

plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member; 
plastically deforming and radially expanding the second tubular member to a third 

outside diameter; and 
plastically deforming and radially expanding the second tubular member to a fourth 

outside diameter; 

wherein the first and second tubular members after the plastic deformations and radial 
expansions define a passageway having a substantially constant cross sectional area. 
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22. The method of claim 21, wherein the first outside diameter is greater than the 
second outside diameter. 

23. The method of claim 21, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical sleeve. 

24. The method of claim 23, wherein the conical sleeve is frangible. 

25. The method of claim 23, wherein the conical sleeve is elastic. 

26. The method of claim 23, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

27. The method of claim 21, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 

28. The method of claim 21, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a roller 
expansion device. 

29. (Amended) An apparatus for coupling a first tubular member to a second tubular 
member, comprising: 

means for plastically deforming and radially expanding a first portion of the first 

means for plastically deforming and radially expanding another portion of the first 

tubular member to a second outside diameter; 
means for positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member; 
means for plastically deforming and radially expanding the second tubular member 

to a third outside diameter; and 
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means for plastically deforming and radially expanding the second tubular member 
to a fourth outside diameter; 
wherein the first and second tubular members after the plastic deformations and radial 
expansions define a passageway having a substantially constant cross sectional area. 

30. The apparatus of claim 29, wherein the first outside diameter is greater than the 
second outside diameter. 

3 1 . The apparatus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the portion of the tubular member using a 
conical sleeve. 

32. The apparatus of claim 3 1 , wherein the conical sleeve is frangible. 

33. The apparatus of claim 3 1 , wherein the conical sleeve is elastic. 

34. The apparatus of claim 3 1 , wherein the conical sleeve comprises a plurality of 
arcuate elements. 

35. The apparatus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using an inflatable bladder. 

36. The apparatus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular member 
using a roller expansion device. 
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comprises rolling means for applying radial pressure to the first portion of the tubular 
member. 



45. The apparatus of claim 37, further comprising: 

means for forming an annular body of a fluidic sealing material within an annulus 
between the tubular member and the wellbore. 

46. (Amended) An apparatus for forming a wellbore casing within a wellbore, comprising: 

a tubular support member including a first fluid passage; 

an expansion member coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer surface for 
radially expanding and plastically deforming the wellbore casing; 

a removable annular sleeve comprising an outer surface for radially expanding and 
plastically deforming the wellbore casing coupled to the outer surface of the 
expansion member; 

an annular expansion member launcher coupled to the annular sleeve and a lower 

portion of the wellbore casing; and 
a shoe having a valveable passage coupled to an end of the expansion member 

launcher. 

47. (Amended) The apparatus of claim 46, wherein the annular sleeve is frangible. 

48. (Amended) The apparatus of claim 46, wherein the annular sleeve is elastic. 

49. (Amended) The apparatus of claim 46, wherein the annular sleeve comprises a 
plurality of arcuate elements. 

50. A method of forming a wellbore casing within a wellbore, comprising: 
supporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member to a 

first outside diameter; and 
plastically deforming and radially expanding another portion of the tubular member 

to a second outside diameter. 
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51. The method of claim 50, wherein the first diameter is greater than the second 
diameter. 

52. The method of claim 50, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical sleeve. 

53. The method of claim 50, wherein the conical sleeve is frangible. 

54. The method of claim 50, wherein the conical sleeve is elastic. 

55. The method of claim 50, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

56. The method of claim 50, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using an inflatable 
bladder. 

57. The method of claim 50, wherein plastically deforming and radially expanding the 
portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a roller 
expansion device. 

58. The method of claim 50, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an annulus 
between the tubular member and the wellbore. 



59. The method of claim 58, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

60. (Amended) A method of forming a mono-diameter wellbore casing within a wellbore, 
comprising: 
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supporting a first tubular member within the wellbore; 

plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member; 
plastically deforming and radially expanding the second tubular member to a third 

outside diameter; and 
plastically deforming and radially expanding the second tubular member to a fourth 

outside diameter; 

wherein the first and second tubular members after the plastic deformations and radial 
expansions define a passageway having a substantially constant cross sectional area. 

61 . The method of claim 60, wherein the first outside diameter is greater than the 
second outside diameter. 

62. The method of claim 60, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical sleeve. 

63. The method of claim 62, wherein the conical sleeve is frangible. 

64. The method of claim 62, wherein the conical sleeve is elastic. 

65. The method of claim 62, wherein the conical sleeve comprises a plurality of 



66. The method of claim 60, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using an 
inflatable bladder. 
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67. The method of claim 60, wherein plastically deforming and radially expanding the 
first portion of the first tubular member comprises: 

applying a radial force to the first portion of the first tubular member using a roller 
expansion device. 

68. The method of claim 60, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an annulus 
between the first tubular member and the wellbore. 

69. The method of claim 68, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

70. The method of claim 60, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an annulus 
between the second tubular member and the wellbore. 

71 . The method of claim 70, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

72. (Amended) An apparatus for coupling a first tubular member to a second tubular 
member, comprising: 

means for plastically deforming and radially expanding a first portion of the first 

tubular member to a first outside diameter; 
means for plastically deforming and radially expanding another portion of the first 

tubular member to a second outside diameter; 
means for positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member; 
means for plastically deforming and radially expanding the second tubular member 

to a third outside diameter; and 
means for plastically deforming and radially expanding the second tubular member 

to a fourth outside diameter; 
wherein the first and second tubular members after the plastic deformations and radial 
expansions define a passageway having a substantially constant cross sectional area. 
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84. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for providing a lipped portion in a portion of the tubular member; and 
means for plastically deforming and radially expanding another portion of the 
tubular member. 

85. (Amended) An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

a tubular support member including a first fluid passage; 

an expansion member coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer surface for 
radially expanding and plastically deforming the tubular member; 
an annular expansion member launcher comprising: 

a first annular portion coupled to a lower portion of the tubular member; 
a second annular portion coupled to the first annular portion that mates with 

the outer surface of the expansion member; 
a third annular portion coupled to the second annular portion having a first 

outside diameter; and 
a fourth annular portion coupled to the third annular portion having a 

second outside diameter; 
wherein the second outside diameter is less than the first outside diameter; 
and a shoe having a valveable passage coupled to fourth annular portion of the expansion 
member launcher. 

86. A method of plastically deforming and radially expanding a tubular member, 
comprising: 



plastically deforming and radially expanding another portion of the tubular 
member. 

87. A method of coupling a first tubular member to a second tubular member, 
comprising: 

providing a lipped portion in a portion of the first tubular member; 
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plastically deforming and radially expanding another portion of the first tubular 
member; 

positioning the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member; and 

plastically deforming and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

88. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for providing a lipped in the first tubular member; 

means for plastically deforming and radially expanding another portion of the first 
tubular member; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member; and 

means for plastically deforming and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

89. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 

means for providing a lipped portion in the tubular member; and 
means for plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. 

90. (Amended) An apparatus for forming a wellbore casing within a wellbore, comprising: 

a tubular support member including a first fluid passage; 

an expansion member coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer surface for 
radially expanding and plastically deforming the wellbore casing; 

an annular expansion member launcher comprising: 
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a first annular portion coupled to a lower portion of the wellbore casing; 
a second annular portion coupled to the first annular portion that mates with 

the outer surface of the expansion member; 
a third annular portion coupled to the second annular portion having a first 

outside diameter; and 
a fourth annular portion coupled to the third annular portion having a 

second outside diameter; 
wherein the second outside diameter is less than the first outside diameter; 
and a shoe having a valveable passage coupled to fourth annular portion of the expansion 
member launcher. 

91. A method of forming a wellbore casing in a wellbore, comprising: 
supporting a tubular member within the wellbore; 

providing a lipped portion in a portion of the tubular member; and 
plastically deforming and radially expanding another portion of the tubular 
member. 

92. The method of claim 9 1 , further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the tubular 
member and the wellbore. 

93 . The method of claim 92, further comprising: 
curing the fluidic sealing material. 

94. (Amended) A method of forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

providing a lipped portion in a portion of the first tubular member; 
plastically deforming and radially expanding another portion of the first tubular 
member; 

positioning the second tubular member inside the first tubular member in 

overlapping relation to the lipped portion of the first tubular member; and 
plastically deforming and radially expanding the second tubular member; 
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wherein the first and second tubular members after the plastic deformations and radial 
expansions define a passageway having a substantially constant cross sectional area. 



95. The method of claim 94, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the first 
tubular member and the wellbore. 

96. The method of claim 95, further comprising: 
curing the fluidic sealing material. 

97. The method of claim 94, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the second 
tubular member and the wellbore. 

98. The method of claim 97, further comprising: 
curing the fluidic sealing material. 

99. (Amended) An apparatus for forming a mono-diameter wellbore casing within a 
wellbore, comprising: 

means for providing a lipped in the first tubular member; 

means for plastically deforming and radially expanding another portion of the first 
tubular member; 

means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member; and 

means for plastically deforming and radially expanding the second tubular 
member; 

wherein the first and second tubular members after the plastic deformations and 

radial expansions define a passageway having a substantially constant cross 
sectional area. 

1 00. The apparatus of claim 99, further comprising: 

means for injecting a hardenable fluidic sealing material in an annulus between the 
first tubular member and the wellbore. 
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1 04. An apparatus for plastically deforming and radially expanding a tubular member, 
comprising: 

means for plastically deforming and radially expanding a first end of the tubular member; 
and 

means for plastically deforming and radially expanding a second end of the tubular 
member. 

1 05 . The apparatus of claim 1 04, further comprising: 

means for anchoring the tubular member during the radial expansion. 

106. (Amended) An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

a tubular support member including a first passage; 
an expansion member coupled to the tubular support member having a second passage 
fluidicly coupled to the first passage and an outer surface for radially expanding and 
plastically deforming the tubular member; 

an annular expansion member launcher movably coupled to the outer surface of the 
expansion member and coupled to an end of the tubular member; 
a shoe coupled to another end of the annular expansion member launcher having a 
valveable fluid passage; and 

another annular expansion member comprising an outer surface for radially expanding and 
plastically deforming the tubular member movably coupled to the tubular support member; 
wherein the annular expansion members are positioned in opposite orientations. 

107. (Amended) The apparatus of claim 106, wherein the annular expansion member is 
adapted to plastically deform and radially expand a first end of the tubular member and 

second end of the tubular member. 

108. (Amended) The apparatus of claim 106, further comprising: 

an anchoring member coupled to the tubular support member adapted to hold the tubular 
member. 
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means for positioning the second tubular member inside the first tubular member in an 
overlapping relationship; 

means for plastically deforming and radially expanding the end of the second tubular 

member that overlaps with the first tubular member; 
means for plastically deforming and radially expanding the remaining portion of the 

second tubular member 

1 1 7. The apparatus of claim 1 1 6, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
second tubular member. 

118. The apparatus of claim 1 1 7, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

119. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first end of the tubular 
member; and 

means for plastically deforming and radially expanding a second end of the tubular 
member. 

1 20. The apparatus of claim 1 1 9, further comprising: 

means for anchoring the tubular member during the radial expansion. 

121. The apparatus of claim 1 1 9, further comprising: 

means for injecting a hardenable fluidic sealing material into an annulus between 
the tubular member and the wellbore. 

122. (Amended) An apparatus for forming a wellbore casing within a wellbore, 
comprising: 

a tubular support member including a first passage; 
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an expansion member coupled to the tubular support member having a second 
passage fluidicly coupled to the first passage and an outer surface for 
radially expanding and plastically deforming the wellbore casing; 

an annular expansion member launcher movably coupled to the outer surface of the 
expansion member and coupled to an end of the wellbore casing; 

a shoe coupled to another end of the annular expansion member launcher having a 
valveable fluid passage; and 

another annular expansion member movably coupled to the tubular support 

member comprising an outer surface for radially expanding and plastically 
deforming the wellbore casing; 

wherein the annular expansion members are positioned in opposite orientations. 

123. (Amended) The apparatus of claim 122, wherein the annular expansion member is 
adapted to plastically deform and radially expand a first end of the wellbore casing and 
the other annular expansion member is adapted to plastically deform and radially expand a 
second end of the wellbore casing. 

124. (Amended) The apparatus of claim 122, further comprising: an anchoring member 
coupled to the tubular support member adapted to hold the wellbore casing. 

125. A method of forming a wellbore casing within a wellbore, comprising: 
plastically deforming and radially expanding a first end of the tubular member; and 
plastically deforming and radially expanding a second end of the tubular member. 

126. The method of claim 1 25, further comprising: anchoring the tubular member 
during the radial expansion. 

127. The method of claim 125, wherein the first end of the tubular member is plastically 
deformed and radially expanded before the second end. 

128. The method of claim 125, plastically deforming and radially expanding the second 
end of the tubular member comprises injecting a fluidic material into the tubular member. 

129. The method of claim 1 25, further comprising: 
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144. (Amended) A method of coupling a first tubular member to a second tubular member, 
the first tubular member having an original outside diameter OD 0 and an original wall 
thickness t^ comprising: 

plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member; 
plastically deforming and radially expanding the second tubular member to a third 

outside diameter; and 
plastically deforming and radially expanding the second tubular member to a fourth 

outside diameter; 

wherein the first and second tubular members after the plastic deformations and 

radial expansions define a passageway having a substantially constant cross 
sectional area; and 

wherein the ratio of the original outside diameter OD 0 of the first tubular member 
to the original wall thickness ^ of the first tubular member is greater than or 
equal to 16. 

145. (Amended) A method of forming a mono-diameter wellbore casing, comprising: 

positioning a first tubular member within a wellbore, the first tubular member 

having an original outside diameter OD 0 and an original wall thickness to; 
plastically deforming and radially expanding a first portion of the first tubular 

member to a first outside diameter; 
plastically deforming and radially expanding another portion of the first tubular 

member to a second outside diameter; 
positioning the second tubular member inside the first tubular member in 

overlapping relation to the first portion of the first tubular member; 
plastically deforming and radially expanding the second tubular member to a third 

outside diameter; and 
plastically deforming and radially expanding the second tubular member to a fourth 

outside diameter; 
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wherein the first and second tubular members after the plastic deformations and 

radial expansions define a passageway having a substantially constant cross 
sectional area; and 

wherein the ratio of the original outside diameter OD 0 of the first tubular member to the 
original wall thickness t„ of the first tubular member is greater than or equal to 16. 

146. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member having a first portion 
having a first outside diameter and a remaining portion having a second 
outside diameter; 

wherein the ratio of the original outside diameter OD 0 of the first tubular member 
to the original wall thickness ^ of the first tubular member is greater than or 
equal to 16. 

147. An apparatus, comprising: 

a plastically deformed and radially expanded first tubular member having a first 

portion having a first outside diameter and a remaining portion having a 

second outside diameter; and 
a plastically deformed and radially expanded second tubular member coupled to the 

first portion of the first tubular member; 
wherein the ratio of the original outside diameter OD 0 of the first tubular member to 

the original wall thickness t^ of the first tubular member is greater than or 

equal to 16. 

148. The apparatus of claim 147, wherein the inside diameters of the first and second 
tubular members are substantially equal. 

149. A wellbore casing formed in a wellbore, comprising: 

a plastically deformed and radially expanded first tubular member having a first 
portion having a first outside diameter and a remaining portion having a 
second outside diameter; and 

a plastically deformed and radially expanded second tubular member coupled to the 
first portion of the first tubular member; 
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